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Recently' we advanced evidence that fumaric acid synthesis from 
ethanol in strain No. 45 of the mold Rhizopus nigricans takes place by 
direct condensation of two C, moieties according to this scheme: 


CH,;CH,OH Oxidation CH,COX -2H CH,-COOH —2H CH-—COOH 


a | > ~~ 


a seianiitiid 
CH,CH,OH CH,COX CH,—-COOH HOOC-—HC 
Ethanol Hypothetical Succinic Fumaric acid 
2 molecules active Cy acid 
intermediate 
(2 molecules) 


The main findings were: Specific activity of the fumaric acid methine 
groups was exactly equal to that of the ethanol methyl groups; one mole 
of fumaric acid formed from methyl C'-labeled ethanol contained more 
than the total radioactivity of the two moles of substrate ethanol; the 
carboxyl groups of fumarate contained all the radioactivity in excess of 
that in the two moles of ethanol utilized in the synthesis; some of the 
substrate ethanol was oxidized to CO, and, therefore, contained sub- 
stantial radioactivity which accumulated in the closed system. 

A mole of fumaric acid formed from carbinol C'*-labeled ethanol con- 
tained less radioactivity than the two moles of substrate ethanol; there 
was no radioactivity in the methine groups of the fumaric acid; the 
carboxyls contained all the radioactivity; radioactive CO, was generated 
by complete oxidation of a portion of the substrate alcohol, and it accumu- 
lated in the closed system. 

The foregoing was interpreted to mean that the fumaric acid produced 
at anv instant from methyl-labeled ethanol would have zero radioactivity 
in the carboxyl groups. However, this fumaric acid is in metabolic 
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equilibrium with malic and oxalacetic acids which are known to undergo 
reversible enzymatic decarboxylation by specific enzymes present in this 
organism.*~* Respiratory carbon dioxide liberated by decarboxylation 
of the initially unlabeled carboxy! groups mixes with radioactive carbon 
dioxide in the vessel atmosphere so that during the reversible decarboxyla- 
tion, the C, acid now acquires radioactivity in the carboxyls. 

The carboxyl groups of the fumaric acid formed at any instant from 
carbinol-labeled ethanol would contain radioactivity equal to the carbinol 
group of the ethanol. However, the carbon dioxide in the atmosphere 
here originates from both carbons in the ethanol, and also from endogenous 
respiration of the mold, hence has a specific radioactivity much less than 
the carboxyls of the newly formed fumarate molecules. Consequently, 
during reversible decarboxylation the carboxyls become diluted with carbon 
dioxide of lower specific radioactivity, thereby accounting for the presence 
of less radioactivity in the fumarate than was contained in the two alcohol 
molecules generating it. That nonradioactive carboxylic acids can 
acquire radioactivity in the carboxyl groups from labeled radioactive car- 
bon dioxide during the action of the corresponding decarboxylases has been 
convincingly demonstrated in the instances of oxalacetic acid and a 
ketoglutaric acid,* * 

A great many experiments on intermediary respiratory metabolism in 
which the carbon from labeled carbon dioxide was found in carboxylic 
wcids have been interpreted*~'' on the assumption that carbon dioxide 
fixation (Wood-Werkman reaction) actually provides a mode of net 
synthesis of the acids (over-all gain in amount of C, acids). Fumaric acid 
synthesized by R. nigricans from inactive ethanol in the presence of CO, 
contains C' in the carboxyl groups,’ a finding seemingly in harmony with 
the numerous above-mentioned experiments of this type which have been 
interpreted as a net synthesis utilizing carbon dioxide. However, our 
previous experiments with labeled ethanol make it reasonably certain 
that the fumarate originated by a mechanism independent of carbon 
dioxide fixation, In consequence of the universal character of reversibility 
of enzyme action, the C'™O,-inactive ethanol experiment would seem to 
represent metabolic exchange between carboxyl and respiratory carbon 
dioxide and thus support our interpretations relative to the distinctive 
changes observed in the carboxyls of fumaric acid produced from labeled 
ethanol 

Although, as discussed below, a different mechanism could account for 
some of the observed results, the possible broader significance for tracer 
studies implied by the discovery of this carbon dioxide metabolic exchange 


with preformed C, acids makes additional study of the problem desirable. 


Vethods.—General methods and materials were precisely as described 
previously' except that the experimental vessels were 400-ml. beakers 
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instead of 250-ml. Erlenmeyer flasks in order to facilitate physical gas 


exchange. 
Experiments. Carbon dioxide being a reactant in the system, C, acid 


carbo: lase ‘ ‘ . 
oem rene —» C; acid + COs, its partial pressure would be expected to 


wee 


influence the carboxyl labeling, and these experiments center on this point. 
In our previous experiments the respiratory carbon dioxide was allowed 
to accumulate in the closed vessels (1()-liter desiccators) for the duration 
of the experiment; this reservoir of (radioactive) carbon dioxide was 
assumed to be that utilized in the exchange reactions. Starting with 
normal air atmosphere and 25 ml. of 2% methyl-labeled ethanol, the 
carbon dioxide concentration in the gas phase reached | to 1.5% in 4 to 
} days under these conditions. 

In this work a similar normal air treatment was set up as the reference 
point. Three other methyl-labeled ethanol treatinents using portions of 
the same batch and amount of mycelium were run at the same time. They 
were identical in every respect except for differences in carbon dioxide 
tensions 

Treatment: (1) Ordinary air atmosphere; respiratory CO, allowed to 
accumulate 2) Strong NaOH to absorb respiratory CO, keeping the 
CO, content of the gas phase nil. (3) 5% CO, containing 1.47 atom per 
cent C¥O,; 20% O2; 75% Ne (4) 15% CO.; 20% Ox; 65% No. 

In treatment (2) the NaOH (30 ml. 6 N) was contained in a 50-ml, 
beaker suspended rigidly inside the 400-ml. beaker holding the culture 
and just above the surface of the culture liquid. The object here was to 
insure immediate absorption of CO, produced as close as possible to the 
surface of the liquid. Fluted filter paper in the alkali beaker increased 
the absorptive surface. The alkali beaker was fixed in position by fusing 
it to the larger beaker with thin glass rods. Treatment (3) was designed 
to increase the rate of exchange between carbon dioxide and carboxyl as a 
result of increased tension of carbon dioxide (5% An additional quan- 
titative check on entrance of extracellular carbon dioxide into carboxyl 
groups was obtained by adding CO, to the gas phase. A carbon dioxide 
concentration of 5%, also minimizes concentration changes due to evolution 
of respiratory carbon dioxide, which otherwise would complicate the 
quantitative aspects of CO, utilization. The carbon dioxide content of 
the gas phase was considered to have remained constant in this experiment 
less than 20° increase). Another purpose of treatment (3) was to have 
the CO, of respiration substantially diluted with the 5% nonradioactive 
carbon dioxide present in the atmosphere, resulting in a lowered specific 
radioactivity of the extracellular carbon dioxide available for exchange 
with the carboxyls of the C, dicarboxylic acids. Theoretically, this would 
reduce appreciably the specific activity of the carboxyls as compared to 


treatment (1). 
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Treatment (4) with a 15°, carbon dioxide atmosphere was designed to 
obtain the maximum dilution of radioactive respiratory carbon dioxide, 
thereby achieving the lowest possible radioactivity in the carboxyls. Pre- 
liminary experiments indicated fumaric acid formation from ethanol is 
completely inhibited when the carbon dioxide tension exceeds 25% and 
about one-half normal yields are obtained in 15% carbon dioxide. Conse- 


quently, treatment (4) was set up in duplicate desiccators to obtain sufh- 


cient fumaric acid for isolation and degradation 
The desiccators containing the beakers fixed in position were shaken on 
a machine at 28° C. for 4 days. Analyses on the clear filtrates gave the 


following data 


TOTAL PUMAREC 
ACID FORMED 
vinat, eH ue 


Ha 
43 
54 


Treatment 


41.7 


Crystalline fumaric acid was recovered from treatments (4) and (4 
essentially by the procedure described previously;' yields were 39 and 18 
mg., respectively. The fumaric acid in treatments (1) and (2) was ob 
tained by continuous ether extraction. The fumaric acid was dissolved 
in water after evaporation of the ether; titrimetric estimation of the 
fumaric acid was made on these aqueous solutions. Other acids are not 
present in amounts exceeding 1°) of the fumaric acid. These two solutions 
ind the two crystalline fumaric acid preparations were then examined for 
specific radioactivity of the carboxyl groups as the criterion of metabolic 
exchange of carbon dioxide with carboxyls 

Che following procedure was developed for the advantage it has of being 
specific for carboxyl groups of fumaric acid (and acids convertible to 
furmaric acid, especially succinic acid \pproximately 0.33 mM. fumaric 
acid in 40-ml. 17/10 phosphate buffer at pH 7.4 was treated with 10 g. of 
enzyme solids of a fumarase preparation from beef heart. This preparation 
is identical with the succinoxidase preparation ordinarily used for mano 
metric estimation of succinic acid.“* During shaking at 37° C. for |! 
hour, the bulk of the fumarate is converted to /-malic acid. In a test run 
in which residual fumaric acid was determined by hydrogenation in the 
presence of palladium, the final equilibrium mixture contained fumarate 
ind malate in the ratio of | to 4.7. The suspension of enzyme solids was 
centrifuged, the cloudy supernatant acidified with H,SO, to ~pH 1 and 
the organic acids extracted with ether for 3 days in a Kutscher-Steudel 
ipparatus. After evaporation of the ether, the acids were taken up in 
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water and adjusted to pH 5.5. A blank consisting of enzyme acting on 
buffer alone was carried along exactly as the test run. 

The malic acid was then decarboxylated by a suspension of Lactobacillus 
caset yielding lactic acid and carbon dioxide quantitatively."* Starting 
with known amounts of /-malate, we have confirmed the stoichiometry of 
this decarboxylation, and have demonstrated its specificity particularly 
with respect to related acids potentially present as impurities in bio- 
chemical work of this kind. Under the same conditions that one mole of 
carbon dioxide is liberated from malate, the bacteria were completely 
inert against fumarate, citrate, succinate and e-ketoglutarate, singly and 
in combination, 

Cells from 200 ml. of malate medium (glucose 1%), /-malate 0.25%, 
yeast extract 0.1°>, phosphate buffer pH 6.6, 0.50) were centrifuged after 
40 hours’ incubation at 28° C., washed twice in W/10 phosphate buffer 
at pH 5.5 and suspended in 3 ml. of the same phosphate buffer. This 
thick suspension was placed in one side arm of a large (160-ml.) Warburg 
vessel and 1.0 ml. of 10 N H,SO, in the second side arm. The solution 
containing malic acid at pH 5.5 (~40 ml.) was in the main chamber. 


After temperature equilibration, the bacteria and the malate solution were 


mixed; carbon dioxide evolution is virtually complete in about i hour, 
after which bound CO, is liberated by the H,SO,. Later it was found 
that the decarboxylation is fully effective at pH 4, obviating the need for 
the acid dump. In the test run cited above, where malate was generated 
from fumarate by fumarase, recovery of Cy acids was 100%. Fumaric 
acid taken = 0.40 mM.; fumarie acid left, determined by hydrogenation = 
0.07 mM.; malic acid, by difference 0.33 mM.: malice acid determined 
by bacterial decarboxylation = 0.33 mM 

The ether extraction is an essential step in this determination. The 
cloudy supernatant from the fumarase treatment retains considerable 
amounts of apoenzymes of oxidation systems and these are activated by 
coenzymes leaching from the bacterial cells; complete oxidation of the 
residual fumarate to carbon dioxide follows, yielding fallacious results. 
Curiously, malate itself is not oxidized under these conditions notwithstand- 
ing the fact that fumarate oxidation might be expected to proceed via 
malate. Carbon dioxide from a bacterial blank on buffer alone generally 
is a negligible proportion of the test runs. 

The carbon dioxide from malate decarboxylation is collected in an 
evacuated 500-ml. bulb containing CO,-free alkali. The bulb is attached 
to one venting plug of the Warburg vessel, which is flushed by carbon 
dioxide-free air down through the vessel from the other venting plug. 
The carbon dioxide is then precipitated as BaCOs, digested on a water- 
bath, filtered onto tared porcelain counting disks, dried, weighed and 
taken for radioactivity measurements. This procedure recovers, as BaCO,, 
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n excess of 95° of the manometrically determined CO,. All radioactivity 
results are expressed as specific activity (counts/sec./mg. BaCO,). After 
radioactivity measurements, the C™ in the BaCO, from treatment (4) was 
inalyzed in a mass spectrometer. 

Results. Because of the limited amounts of fumarie acid obtained in 
each of the four treatments, specific activity measurements on an aliquot 
of each fumarate were not attempted. Also, they are unnecessary for this 
work in which the specific activity of only the carboxyl groups is of im- 
portance. However, we have repeatedly shown that mixing of methine 
and carboxyl groups of fumaric acid (produced from methyl! and carbinol 
of ethanol) does not occur (see below) and that the specific activity of the 
methine group ts precisely that of the methyl group of the starting ethanol, 
ind two times that of the ethanol itself. This nonmixing is all-important, 
for, a8 shown below, it means that carbinol-C cannot become methine-C 


TABLE 
oOactiviTies OF Carpoxye Groups of Fumarate Propucnep sy Rhisopus 
nigricans UNDER Direreent CO. Tensions” 


SPRCIPIC RATHOACTIVITY 
REATMENTY OF CARBOXYL Grovrs? 


A atmosphere 1.06 
No CO.(NaOH)* t Ql 
O containing C'O,* o.91 
th ’ Mt 


Culture wisted of mvcehum suspended in ‘ 2° methyl C-labeled ethanol 


a 
Counts ‘se mg. BaCo Corrected for carbon dioxide from blank carried from 


furmarase stage through entor nalytical process 


* Carbon dioxile allowed to accumulate in desiccator. Concentration of CO, in ga 
, ‘ } | - 


TiuaS it eri OF tc patihont < iy 


} 
‘ Ky analysis there was no CO: in the atrnosphere, 


© 1s " 
See data on Ch) helow 


of fumarate, but that methyl-C (of ethanol) can become carboxvl-C of 
furnarate Fable | gives the carboxyl data 

Discussion.—The fact that elevated carbon dioxide tensions caused 
definite dilution of the radioactive carboxy! groups, and in proportion to 
the carbon dioxide tension, proves that carbon dioxide itself influences 
in some way the radioactivity of the carboxyls. A not implausible inter- 
pretation 1s that carbon dioxide is metabolically exchangeable with car 
boxyls, presumably through the action of decarboxylases. Absolute 
proof is perhaps provided by the fact that extracellular C''O, is actually 
found in fumarate carboxyls. Fumarate itself having been established! 
to arise by a 2C, condensation would appear to rule out the entrance of 
COs via the Wood-Werkman reaction in the conventional sense of net 
synthesss of the C, carbon chain from Cy, + C; moieties 

Calculation of Extracellular Carbon Dioxide Exchange with Carboxvls 
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The C** content of the isolated fumaric acid in treatment (3) was found to 
be 1.13 * 0.005 atom per cent." 1.13 — 1.09 (C™ content of normal 
COs) = 0.04% excess C'™ in the CO, obtained from total combustion of 
fumaric acid. Since the C' is located in carboxyls only, they contained 
2 X 0.04 = 0.08% excess C™. 

The C* content of the initial gas phase was found to be 1.47 * 0.007 

0.08 X 100 - 
atom percent. 1.47 — 1.09 = 0.38% excess C". ~~ = 21% of 
0.38 
all the fumaric acid carboxyl groups exchanged with extracellular carbon 
dioxide. 

Changes in Carboxyl Radioactivities in the Absence of Extra-cellular COy. 
Respiratory Cycles: A most significant fact of this experiment is the virtual 
equivalence of specific activities of the carboxyl groups in the CO,-free 
atmosphere NaOH (treatment 2) vs. air with accumulated CO, (treatment 
1). This indicates that extracellular carbon dioxide exchange is not the 


only mechanism of incorporating radioactivity into carboxyl groups, i.e., 


converting methyl-C of ethanol into carboxyl-C of fumarate. Theoreti- 
cally two mechanisms could operate to alter the status of carboxyls in the 
absence of extra-cellular carbon dioxide, and a strong possibility exists 
that both act simultaneously. They are: (1) exchange with intracellular 
respiratory carbon dioxide, of which a finite concentration must always 
be present as long as the fungus cells are metabolically active. In view 
of the demonstrated participation of extracellular carbon dioxide, it may 
be reasonably assumed that some internal carbon dioxide also exchanges 
with carboxyls before it leaves the cell; the quantitative significance of 
this point is a matter for the future; (2) oxidative conversions of ethanol 
methyl-C to fumarate carboxyl-C. Rather convincing evidence for a 
mechanism of this type operating over and above carbon dioxide exchange 
is provided by the specific activities of the carboxyls in treatments (1) 
and (2), and the specific activity of the respiratory carbon dioxide in treat- 
ment (1), which was determined as 0.85. Thus, if all the carboxyls in 
treatment (1) had exchanged with carbon dioxide to the extent that they 
acquired the specific activity of the gas they would still fall short of the 
observed carboxyl value of 1.06. Thus, a second mechanism independent 
of carbon dioxide-carboxyl exchange is indicated. The fact that ethanol 
methyl-C is converted to fumarate carboxyl-C connotes an oxidation, and 
the assumption that a tricarboxylic acid respiratory cycle takes place in 
these cells would fit the observed facts. This cycle would, however, 
differ from the conventional cycle in the respect that the C, which con- 
denses with C, to generate C, arises by 2C, condensation instead of by 
the generally supposed Wood-Werkman reaction. This may well prove 
to be one mechanism characteristic of the tricarboxylic acid cycle in carbo- 
hydrate metabolism. 
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Postulation of a dicarboxylic acid respiratory cycle would also fit the 
observed facts, and this is a distinct and attractive possibility in this 


instance 


Second First cycle > 
cycle 
. 
CO CO COOH COOH COOH COOH 
"CH, *CH, "CH, *CH °CH; *CH; 
2H 2H +HOH ~2H 
‘ + > neneieeemeemies 1 neemmeneten 4 emma ~ 
Reaction | Reaction 2 
"CH ; °CH, *CH *CH *CHOH *CO 
‘CO Co COOH COOH COOH COOH 
Active Cy | Active C Suceinik Fumaric Mali Oxal 
monty motet y acul acid acid acetic 
* acid 
"CH, 
CO, *CO -CO, 
Sistah sli j 
Reaction 4 COOH Reaction 3 
Pyruvic 
cid 


rhis scheme was formulated for carbohydrate and pyruvate oxidation 
some 30 years ago, though without proof. '* During the intervening 
years good evidence has been gathered for each of the above steps, and 
Krebs in 1943" states that ‘‘. ..the chief weakness of this theory was the 
complete lack of evidence supporting the assumption of a formation of 
succinate from acetate."’ Our data provide, therefore, the means of 
closing one (if not the last) gap relative to a ‘“‘dicarboxylic acid respiratory 
cycle.’ Four principal steps in this cycle, namely, reactions 1, 2, 3 and 
t, have already been demonstrated separately in R. nigricans No. 45, and 
if they operate in sequence, as is likely, a C, dicarboxylic acid cycle will in 
fact have been established. Important to note is the experimental fact 
that the fumaric acid which accumulates from ethanol in these cultures 
is rapidly oxidized to completion (i.e., to carbon dioxide) as soon as all the 
ethanol is consumed 

It can be seen from the above scheme that after the first cycle, the 
original methyl-labeled C, becomes labeled in both carbons. This C, 
labeled in both carbons mixes with more substrate methyl-labeled C2. 
The Cy acids now resulting from a 2C, condensation reaction would be 
labeled in a manner that matches the experimentally observed labeling in 
two critical respects, namely, (a) the inside carbons (methine-C of fumaric 
cil) always show the same specific activity as the methyl groups of the 
starting Cy moiety regardless of the number of cycles made; and (6) the 
specific activity of the carboxyl groups can never attain the specific activity 
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of the methine groups so long as substrate ethanol is present. During 
the relatively long (4 days) duration of the incubation period in this 
experiment it is probable that the accumulated fumaric acid at any one 
time represents the differential between the rates of formation and of 
oxidation of fumarate, both occurring concomitantly. 


It is to be emphasized that a tricarboxylic acil cycle would yield results 
exactly as the dicarboxylic acid cycle and at present it is impossible to 
discriminate between these two possibilities or to exclude the possibility 
that both function simultaneously 


Confirmation of the Synthesis of Fumaric Acid by 2C, Condensation 
Because the validity of many of our conclusions depends on the absence of 
any significant mixing of methine-C (methyl-C of ethanol) and carboxyl-C 
(carbinol-C of ethanol), we have re-examined this matter more carefully 
since our first published experiments. Three independent methods of deg 
radation have now been used. One was, in essence, the formic acid pro 
cedure described in our previous paper; this determines specific activity of 
methine carbons of fumaric acid. A specimen of fumaric acid originating 
from carbinol-labeled ethanol, and having a specific activity of 0.30 was 
oxidized with acid-permanganate and the formic acid (over-all yield = 
89°) in the fourth quarter of a Duclaux distillation taken for radioactivity 
measurements. The carbon dioxide from oxidation of this formic acid 
was trapped as BaCQ,;, which was weighed, and the carbon dioxide liber 
ated for gas ionization measurements with a vibrating reed electrometer. 
The results were expressed as amperes of ion current per milligram of 
original BaCQO;. Similar measurements were made on the total carbon 
dioxide from complete oxidation of a portion of the fumarie acid itself. 
Total fumaric acid = 14.5 XK 10°" amperes net per milligram BaCQs. 
Formic acid = 0.037 &K 10~" amperes net per milligram BaCO;. The 
actual amperage here was 1.7 times background. The following expression 
gives the value for the carboxyl-carbons of the fumaric acid: 14.5 X 

2(0.037 X 107") + 2X | 
10-8 = - X 28.95 X 10° amperes per :illi- 
gram BaCO, from carboxyl-carbon. Ratio of carboxyl-carbon to methine- 
28.96 K 10-* 783 
carbon = = - Thus, the mixing of carboxyl-carbon at 
0.037 &K 10~" l 
most could be | part in 783, an insignificant amount. In fact, the steam 
distillate contained some very small amount of volatile radioactivity which 
did not follow the formic acid Duclaux curve, and in all probability even 
the minute activity recorded as formate was due to an impurity and not 
to formic acid itself. 


The second method of degradation consists of measuring the CO, from 


decarboxylation of malate obtained from the above fumaric acid of specific 
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activity 0.30. The specific activity of this CO, was 0.62. Theory = 0.60 
(calculated from specific activity of total fumaric acid, which was 0.30, 
as noted above the methine-C in this fumaric acid contained no radio- 
activity) 


The third method of degradation (details of which will be given in a 
fumarase 
later publication) employs these principles: fumaric acid ——-——~ malic 
CO K Mn, 
acid >» lactic acid » acetic acid + COs. The acetic acid 
L. cases H,SO, 


carbons represent both methine-carbons of fumarate. The specific activity 
of methine-carbons of standard fumaric acid sample as determined by the 
above acetate method was 4.8; that by the formate method on the same 
sample was 4.8. Thus, three independent methods of degradation agree 
on the specific activity composition of fumarie acid. 

Oxidatiwe Synthesis of C, Dicarboxylic Actds and Labeled CO, Fixation 
E-xperiments.-lf our interpretation of the data obtained relative to 2C, 


condensation is correct in its main conclusion, it means a direct oxidative 
pathway to the C, dicarboxylic acids exists in addition to the Wood-Werk- 


man reaction. Indeed, demonstration in normal tissues of the Wood- 
Werkman formation of C, acids by locating the labeled CO, in carboxyls 
of these acids would not, in view of our experiments, constitute unequivocal 
proof of net synthesis involving carbon dioxide, for metabolic exchange 
of the carbon dioxide with carboxyls of acids preformed, and by a route 
independent of CO, fixation may yield the same results. It would seem 
that in the absence of evidence excluding the operation of other mechanisms 
of organic acid synthesis, the incorporation of labeled carbon dioxide into 
carboxyl! groups would have to be interpreted with considerable reserve. 
Biosynthesis of Doubly Labeled Cy Dicarboxylic Acid Tracers.——The results 
obtained in treatment (3) in the experimental section suggest a useful 
method of securing labeled Cy dicarboxylic acids, whose isotopic composi- 
tion allows the fate of carboxyl-carbons and central-carbons to be followed 
independently. Hy using the appropriate methyl-labeled ethanol and the 
ippropriate labeled CO,, three different kinds of C, acids can be produced 


Summary.~—-Biosynthesis of fumaric acid by a 2C. condensation in the 
mold R. nigricans has been confirmed and extended. It has been demon- 
strated that CO, can undergo metabolic exchange with carboxyls of pre- 
formed fumaric acid. According to these experiments demonstration in 
normal tissues of the Wood-Werkman formation of C, dicarboxylic acids 
by locating the labeled CQO, in carboxyls of these acids would not con- 
stitute unequivocal proof of net synthesis involving carbon dioxide. Evi- 
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dence has been obtained for the probable operation of a C, dicarboxylic 
acid respiratory cycle in this mold 
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OBSERVATIONS ON THE EFFECTS OF MALEIC HYDRAZIDE 
ON FLOWERING OF TOBACCO, MAIZE AND COCKLEBUR* 


By Ausrey W. NAYLOR 


NicAL Laporarory, Yate Unrversiry, New Haven, ConnecTICUT 


Communicated by FE. W. Sinnott, February 7, 1950 


In April, 1949, experiments were begun in this laboratory to determine 
effects of maleic hydrazide' on growth of a number of species of plants 
Our first objective was to determine its effect upon growth and differentia 
tion of Turkish tobaceo plants which were just producing flower buds 
Concentrations ranging from 0.05 to 0.8 per cent were used in treating 
five lots of ten plants each. The solutions were made up in distilled water 
to which one drop of Aerosol OT was added per 100 ml. to act as a spreading 
gent \ll leaves of the plants were then sprayed on both upper and 
lower surfaces. Each plant received approximately 25 ml. of the proper 
solution. Height measurements were made and note taken of the number 
of flower buds visible without the aid of a hand lens. The plants were 
then placed on the greenhouse bench in such a manner that light and 


moisture conditions would be as umform as possible 


TABLI 


vr Matec Hyprazipe on Growrn tn HeIGHT AND 
Yin Torxisa Toraccc 

NO. OF PLANTS AVERAGE 

WITH LIVING INCREMENT 
FLOWERS InN 

may i7 CENTIMETERS 

None 13.6 

None 13 1 


4 


Von 


None of the plants treated with 0.2, 0.4 and 0.8 per cent maleic hydrazide 
had produced new flowers and all those mmitiated at the time of treatment 
were dea Some of these abscissed. On the other hand, of the ten plants 

ialeic hydrazide, only five produced flowers and these 

grew slowly \ll of those plants receiving 0.05 per cent maleic hydrazide 
flowered, but again the rate of development of the inflorescences was slower 
than the controls. Figures obtamed on height increment following treat 
ndicate nearly equal effectiveness of concentrations of 0.2, 0.4 and 


nt maleic hydrazide in suppressing terminal growth. Lower 


I 
ns showed decreasing effectiveness in inhibiting over-all growth 
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Maize is also very markedly inhibited in growth by maleic hydrazide. 
The effective concentration range for it is approximately the same as for 
tobacco. Wisconsin hybrid No. 525 maize was used in the tests reported 
here. Single plants were grown in soil in two-gallon crocks. Seeds were 
planted in July and the plants were approximately one meter tall with no 
visible staminate inflorescence (tassel) at the time of treatment. Crystal- 


line maleic hydrazide was used in making the solutions, and Emulphor EL 


was employed as the spreading agent. All solutions were adjusted to 


FIGURE 1 


Appearance of the staminate inflorescence of maze 45 days alee treatment with 
maleic hydrazide 1. Control. 8. Leaves sprayed with 0.025% maleic hydrazide 
solution when the plant was 35 days old. Note the lack of anthers in the flowers of the 
treated plant 


pH 6.0. Concentrations ranging from 0.025 to 0.2 per cent were used. 
Each one exerted a marked effect 

The highest concentration prevented flower expression completely 
The corn plants receiving the lowest concentration grew almost as rapidly 
as the controls but produced sterile tassels. The number of staminate 
flowers was approximately the same as in the controls but no anthers 
were formed (Fig. 1, B). The pistillate inflorescences on these plants, 
however, were composed of fertile flowers. Seed was set at the base of the 
ears and more would have probably been set toward the apex had the 
amount of fertile pollen in the greenhouse been higher. 
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Because of the striking effects of maleic hydrazide on flower development 
in tobacco and corn, it seemed desirable to determine if this substance 
would prevent flowering in a photoperiodically sensitive plant. Xanthium 
saccharatum Wallr.* was selected for this purpose because of the large 
hody of information available about light and dark requirements for 
flowering. Normally Xanthium changes from the vegetative to re 
productive condition when provided with cycles of 8.5 hours of dark 
15.5 hours of light.’ Spraying the leaves with as little as 10 ml. of a 0.025 
per cent maleic hydrazide solution at the time photoinduction was begun 
shifted the critical daylength by thirty minutes. Controls which did not 
receive maleic hydrazide shifted very rapidly from the vegetative to re- 
productive condition, On the other hand, those receiving this substance 
changed slowly from the vegetative condition and this held true even when 
the dark period given was 10'/, hours long 

Maleic hydrazide thus appears to be a good inhibitor of flower buds as 


** It also causes loss of apical dominance. 


well as vegetative buds. 
While it suppresses lateral buds as well as terminals much higher concen- 
trations are required for this than for inhibition of the terminal bud alone. 
Although some of the leaves produced subsequent to treatment with high 
concentrations of maleic hydrazide show malformation, concentrations 


effective in inhibiting flower bud development which do not affect leaf 


development can be employed. This substance may possibly find applica- 


tion where it is necessary to delay or completely inhibit flowering as in 
tobacco, and possibly celery and lettuce production. Since there appears 
to be a difference in sensitivity of terminal and axillary flowers to this 
substance new possibilities in the production of hybrid seed are opened 
up. It is often desirable, for example, to have, in hybrid seed corn pro- 
duction, a pollen sterile parent, and preliminary experiments indicate this 


condition can be mduced with the aid of maleic hydrazide. 


* This work has been aided by a grant from the Rockefeller Foundation 
Supplied through the courtesy of Naugatuck Chemical Company, Naugatuck, 
Connecticut, as a 30 per cent solution in diethanol amine 
* This is the species Hamner and Bonner refer to as Xanthium pennsyleanicum 
According to Parker, et ai.,' this species has been identified by Dr. S. F. Blake as X 
tac Aaralum 
* Hamner, Kk. ¢ and Bonner, ]., Botan. Gaz., 100, 388-431 (1938 
Parker, M. W., Hendricks S. B., Borthwick, H. A., and Scully, N. J., Jbid., 108, 
2H (1046 vee p. 3 
'Schoene, D. I ind Hoffmann, O. I Scrence, 109, SRS-590 (1049) 


* Naylor, A. W., and Davis, E. (in preparation 
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REPEATED MUTATIONS IN ONE AREA OF A MOUSE 
CHROMOSOME 


By L. C. Dunn anv S. GLUECKSOHN-SCHOENHEIMER* 
Cotumpra Untversrryt 
Communicated February 25, 1950 


Several years ago it was found that the combination of two different 
lethal mutations in the house mouse gave rise to a balanced lethal line in 
which both mutations could be maintained indefinitely in heterozygous 
condition without selection.":* This behavior was shown to be due to 
absence of recombination in this region of the chromosome probably due 
to allelism of the two mutations concerned. The system can be dia- 
grammed as follows: 


r/t ¢ x T/t 3 


Tailless | Tailless 


i 
T/T T/e “e/e 


Dies as embryo 10'/, days Viable, tailless Dies as embryo 6 days 


FIGURE 1 


Balanced lethal line A 


T symbolizes a dominant mutation, 7'/ + having a short tail (Brachyury) 
while ¢° is recessive to normal and interacts specifically with T to produce 
the tailless phenotype. Recombination has not been observed either in 
matings of 7/f® or of As7/t® or Ful /t®, Ki and Fu being dominant 


mutations about 4 crossover units distant from 7. The mutation f is 
thus probably connected with an inversion in this region." 

A similar balanced lethal tailless line, 7/t', known as Line 29 has likewise 
been maintained for about 15 years.” * One of the lethals is different from 
that in Line A, since crosses of 7/t® by 7/t' produce, in addition to tailless 
progeny 7/t® and 7/t', a regular proportion of normal-tatied offspring 
which when tested prove to be /°/f'. The mutation ¢' likewise was found 
to eliminate recombination over the area including the loci of T and K¢. 
A third line’ (Line 19) behaved in all respects like Line 29 and contained a 
lethal, @, not distinguishable from f'. 

In inbreeding the balanced lethal lines, 7//", rather rare exceptional 
offspring were occasionally found, about a dozen during fifteen years 
among several thousand regular offspring. These were saved and tested 
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is possible evidences of recombination between T and f(t°, ', #). Re- 
combination in this region should occasionally result in gametes 7?" and 
++, which in combination with regular gametes 7 and f* should give 
rise to two viable exceptional phenotypes: 7/++ (Brachyury or short 
tail) and f*/-++ (normal tail). 

One exception with a short tail resembling Brachyury proved to be 
T/t® combined with other modifying genes for increased length of tail. 
Ihe latter were later concentrated by selection in a line which bred true 
to the short-tail condition but which nevertheless proved to be 7//t* (either 
f or t') asin the parents. It contained no new mutation at the 7 locus. 

Phe normal-tailed exceptions which were tested proved not to belong to 
either of the recombinant types. All of those which were adequately 
tested proved to be f'//", that is, each contained the /-type mutation of 
the line in which it arose and another different mutation of the same type. 

The detailed treeding data on the first of these additional mutations to 
be extensively analyzed are in course of publication elsewhere. Here it 
need only be mentioned that whether or not a normal-tailed exception from 
a balanced line contains a new mutation of this type can be determined by 
testing the exception by Brachy, 7/4 If the exception is, for example, 
¢") then two tailless lines can be derived from the tailless progeny of the 
test cross, te., 7 t' which will balance both in inter se matings and when 
tested by the parent type 7) f'; and 7/1", a new tailless line which will 
ilwavs give normal-tailed progeny ¢'/t" when crossed with the parental 
linac Whether the new mutation gives rise to a new balanced lethal line 
will depend on whether it is (1) lethal when homozygous and (2) fails to 
undergo recombination with locus 7. One of the newly recognized 
mutations, f, is viable when homozygous, so that matings of tailless 7'/1° 
by tailless 7 regularly yield tailless 7/f* and normal (or nearly normal- 
tailed) progeny which can be shown to be #/f*. Another exception has 
given rise to a new balanced lethal line 7/7‘, in which ¢‘/¢* dies before birth. 
Neither / nor f have shown recombination with 7. 

In addition to these, we have recorded other exceptions of similar 
ongin, i.e., found as single normal-tailed individuals in the balanced lethal 
tailless lines. Exceptions ¢*, ?, f were found in Line A (7/f) but the 
chromosomes containing them were lost before it could be determined 
whether they represented new / alleles or recurrences of old ones such as 
. Exceptions /, t, ®, 0, (*, f and ¢"° were found in the balanced Line 29 
ryt Exception was found in a nearly sterile male (/'/*) and the 
chromosome was lost in /, following outcross. Exceptions 3, 4, 7, 8 and 9 
were found in normal-tailed females which segregated for t' and another 
illele without recombination (/')?* Lines with the new alleles are being 
extracted. Exception ¢® was found in a normal-tailed male from 7/?' 


parents and is being tested 
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In addition to these occurrences in our laboratory, Dr. T. C. Carter, 
Institute of Animal Genetics, Edinburgh, Scotland, has found tailless 
mice in a normal stock of mixed ancestry having no known relationship 
to T or f* stocks. These proved to contain a new mutation® indistinguish- 
able from 7, and a t-type mutation (/*) which is lethal. These have given 
rise to a new balanced lethal tailless line, Line 6 (7°/#*). Using animals 
kindly sent to us by Dr. Carter, we have found ¢* to be different from ¢' 
since t'/f is viable and normal. No combinations f//* have yet been 
found (from crosses of T7/f X& 7/t*) and so f* is not distinguishable from 
Pf and may be a recurrence of ?. 

It is apparent that inbreeding of balanced lethal lines provides an 
excellent method for detecting changes of the above sort and that the 
region involved is in fact quite mutable. We estimate that a minimum of 
14 changes of the ¢ type have occurred together with two of the 7 type. 
Earlier indications ef what may have been similar changes’ * are not 
included. The mode of origin of these changes is interesting, since in 
our laboratory all have been found in the offspring of parents who them- 
selves contained a t-type chromosome (3 from 7/f, 7 from 7/f'). We 
have tested many sporadic tailless mice found in our Brachy 7/+ stocks 
and in outcrosses, but have never found a /-type mutation in these. The 
first ¢° mutant was found by Dobrovolskaia-Zavadskaia*® after outcross 
of 7/+ by a wild mouse; and ¢' and / were found after outcrosses of 
T/+ to normal laboratory stocks, but since the 7) + stocks of Zavadskaia 
occasionally produced tailless animals, the prior existence of t-type chromo- 
somes in her stocks cannot be excluded. 

It is probable that f and /' are connected with inverted sections of 
chromosomes IX since they prevent recombination in the region from 7 
to Ki—about 4—6 units." The question thus arises whether all those 
derived from /', (#, @, ®, t7, t®, @, ¢8) contain the same inversion; or 
whether new inversions have been induced by ¢'. This point is being 
investigated by cytogenetic methods. Unfortunately such a study 
cannot be made of exceptions derived from f since the few which were 
detected were lost. 

Although the results of such a study need not be anticipated, it is simpler 
for the present to assume that inversion is a less frequent process than the 
occurrence of new alleles within an inversion, particularly since loci may 
become unstable in or near an inversion; and to treat the series 7... 1" 
as allelic alterations of the same locus. All ¢ mutations, it must be re- 
membered, interact specifically with 7 to produce taillessness, but show 
no interaction with the nearby loci Ai and Fu. They have certain other 


peculiarities in common also such as the production of male sterility" 


in compounds ¢"/f which indicate similar interaction effects upon sper- 
matogenesis. Extensive fertility tests on males f/t* and ¢'/t*, which will 
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be reported separately from this laboratory, and tests on other alleles now 
in progress, show that while (*/f males are most often sterile, some do 
produce functional sperm. Such semisterile males show the same absence 
of recombination as occurs in ("/f females. Whether the sterility is 
influenced chiefly by the particular alleles or by the inversions concerned 
remains to be determined. The male sterility is important not only as 
evidence of interaction among alleles but as a limitation to the recovery 
of new alleles which in general can only be recovered from female excep- 
tions 

Although in these respects alterations of the T “‘locus’ conform to 
those expected from alleles, there is one way in which they are quite 
exceptional. So far as tested the compounds containing two different 
alleles ure viable even when the component alleles are lethal when homo- 
zygous. This is true of f/1', f/f, £/t*, and f/f, 1e., all cases so far 
thoroughly tested in which both alleles are known to be lethal. As pointed 
out in the first description of this phenomenon of complementary action of 
alleles,’ this means that there is a physiological divergence of function 
such that one lethal allele makes good the defect brought about by the 
other. This type of divergence is difficult to reconcile with any simple 
hypothesis of quantitative alterations of the same single element. Either 
several elements, each susceptible of separate alteration and of influencing 
different processes are held together at such a locus in an organization 
that is not disrupted by crossing over,'’ or else the single element is capable 
of a very large variety of changes leading to physiologically antithetic or 
compensatory changes 

Several cases of such complex loci have recently been shown to consist 
ictually of two or more loci separable by rare crossing-over'® '* ™ and 
forming “‘pseudoallelic senes Other allelic series are known within 
which apparently qualitative changes have occurred, requiring the 
assumption that the gene or locus consists of more than one element.'* 


his situation apparently obtains at the loci governing self-incompatibility 
in plants'’ and possibly at the Rh locus in man.'* Finally, there are 


i 


modifications of what appears to be a single locus which show related 


effects and dominance in relation to one character and compensatory or 
antithetic effects upon another." ” Hosino has in fact provided an exact 
parallel to the relations of ¢ alleles since in the ladybird beetle he has found 
over 20 alleles governing elytral pattern, among them two which are lethal 
when homozygous but viable in compound.** Lewis, similarly, has shown 
that a self-incompatibility gene in Oenothera organensis may exhibit two 
antithetic types of specificity, and assumes that this locus consists of at 
least two parts.'’ These cases indicate that there may be a more or less 
continuous gradation of loci from those subject only to the quantitative 
type of change usually associated with true allelism to those in which 
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there are several separable elements, which have remained together after 
adjacent duplication or repeat formation. The 7 locus in the mouse 
probably belongs in about the middle of this spectrum together with the 
S locus in plants and the spotting locus in the ladybird beetle; that is, 
the “alleles” show rather wide physiological divergence and complementary 
interactions in certain of their effects, yet share similarities indicative ol 


allelism and show no recombination. 


* We are very grateful to Dr. T. C. Carter, Institute of Animal Genetics, Edinburgh, 
Scotland, for sending to us stock of a new mutant type discovered by him and for 
permission to refer to some of his unpublished observations about it 

+ Research supported, in part, by a grant from the American Cancer Society recom- 
mended by the Committee on Growth, National Research Council. We acknowledge 
with gratitude the able assistance of Ruth Segal for whose services we are indebted to 
the above grant 
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SPECIFICITY OF INTERACTION BETWEEN IDENTICAL 
MOLECULES 


By Hexpert JenLe 
UNIVERSITY OF NEBRASKA 
Communicated by H. J. Muller, February 17, 1050 


(mong specific interactions between molecules, there is one type which 
is of particular importance, and that is the specific attraction between a 
pair of macromolecules on condition that they are identical or almost 
identical. Such a phenomenon is encountered in synapsis during meiosis, 
conspicuously in the phenomenon of inverted synapsis, which shows that 
pairs of almost identical genes attract each other strongly. 

Phe most striking example of specific attraction between identical large 
molecules occurs in the self-duplication process of genes, i.e., of chromo- 
iomes in mitosis. The current view about self-duplication is as follows 
Starting with an original chromosome thread, one assumes that replicas 
of the genes contained in that chromosome are gradually being built up 
from the material of the cell medium. By selective attraction, the con- 
stituent molecules of the origimal gene collect, from the surrounding 
medium, molecules which happen to be identical with the former ones 

ind which because of their smallness compared with a gene, are readily 
ivailable in the cell), to the neighborhood of the corresponding molecules 
of the original gene. Thereafter, chemical bonds link these molecules 
together, forming a daughter gene What is so astonishing in this phe- 
omenon is its accuracy of differentiation, which permits identical replicas 
to be handed down through enormous numbers of chromosome generations; 
its versatility, which implies that all kinds of genes and their mutants 
self-duplicate accurately; and the long range of the specific forces involved, 
just as in synapsis. The accuracy of the phenomenon 1s evident; any 
mistake in self-duplication in the sex cells would show up as a mutation, 
in addition to those mutations' which are caused by a monomolecular 
change of the genetic material due to radiation or temperature effects. 
Che versatility is evidenced by the inheritability of mutations: The fact 
that mutated genes are accurately reproduced shows in a striking fashion 
how much the self-duplication phenomenon is independent of the par- 
ticular molecules involved Che long range of the specific interaction 
forces is indicated by the fact that the pair of specifically interacting 
molecules will have to interact at distances at least equal to the considerable 
of the constituent molecules and they are usually not flat. 

fore, we have to look at these phenomena as something very different 


ordinary chemical bond formation 
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Various theories have been advanced to explain self-duplication.? The 
duphcates will have to be assumed to be actual replicas, rather than but 
functionally similar molecules; otherwise, it will be an insurmountable 
difficulty to account for the accuracy and versatility of the phenomenon. 
In this respect, self-duplication of genes is quite different from other 
building processes in biology. 

Many attempts have been made to explain specific interaction on the 
basis of steric effects. Again, the accuracy of specific attraction, the 
versatility and range of the phenomenon would be very difficult to under- 
stand on such a hypothesis. Also we would have to expect the formation 
of complementary structures, rather than replicas of genes: A laevo 
structure would be expected to build up a dextro structure. 

It has been shown® that some special compounds can be understood to 
reproduce by the assumption of a chemical chain reaction process. The 
serious difficulty of such a theory is the impossibility to account for the 
versatility with which all types of genes perform the same accurate re- 


production. 

H. J. Muller‘ suggested the investigation of interaction of thermally 
excited molecule vibrations. Molecules in whose specific interaction we 
are interested have a well-defined structure: X-ray investigations of some 
proteins which are supposedly similar to constituent molecules of genes 


have shown such large numbers of Fourier components that even without 
knowing their structure we know that every atom is located at a well- 
defined place. Also, the following argument may support this view of a 
rigid structure. Organic molecules in the cell usually form and break 
bonds at a considerable rate. It is only molecules with well-defined struc- 
tures (without possibilities of many internal rotations) which have a high 
probability that any broken bond will properly heal up again, without 
some foreign molecules getting a chance to join in at a break. Thus, a 
necessary condition for the outstanding stability of the genes is that the 
material of which the genes are built have a rigidly defined structure, say, 
as in a three-dimensional framework. The amplitudes of the vibrations 
are of the order of 10~* cm., a figure which depends but little upon whether 
we consider the lowest or highest vibrations in the molecule. The highest 
wave numbers are well above k7 he ~ 200 cm.~', that is in the domain 
where quantum effects are important. We know that molecular vibrations 
are usually but little perturbed by the environment in which the molecule 
is placed. Let us study coupled thermal vibrations of a pair of identical 
molecules and investigate them as a possible cause of their specific attrac- 
tion. As concerns the interaction mechanism between the pair of mole- 
cules, no exponentially decreasing short range force, e.g., chemical bonds, 
can be responsible. Neither can it be a type of force with considerable 
relaxation time, as, e.g., Debye-Hueckel forces. Neither can it be a force 
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transmitted by the molecules of the medium in between the pair of mole- 
cules, because Brownian motion of the medium would jam the interaction. 
Thermally excited molecular vibrations are accompanied by vibrating elec- 
trical dipole moments which interact instantaneously for all practical pur- 
poses at short distances between the pair. 

Let us first mention how specific attraction cannot be produced. Con- 
sider, for simplicity, a pair of harmonic vibrators, e.g., two negatively 
charged mass points which can vibrate about two positive centers only 
along the line connecting them with displacements 2;, 2;;. R is the dis- 
tance between the centers. The partition function in classtcal statistical 
mechanics 


Z= SS exp(—T/T) dpa dpa, SS exp (—V/kT) da, dsy (1) 


Tit Vim Maly par? + yy Perr”) + 1/aCby "ty? + Rue") — 2e?R-“sz,, 


é 
: 
g 


will contain the masses m,, m,, only through the first double integral, 


; 
: that is as factors in Z. Thus, the attractive force —&T0 log Z/OR is inde- 
{ ' pendent of the masses, that is, independent of whether the frequencies 
2 ; of the pair are identical or not. The same holds if each molecule is repre- 
' sented by a set of vibrators, harmonic or anharmonic. 
3 ‘ Quantum mechanical resonance of a pair of simple harmonic vibrators 
: will not lead to a specific attraction either. Let the z direction be along 
{ the line connecting the two molecules. The molecules’ orientation with 
‘ respect to the axes may be described by stating that the components of the 
3 electric dipole moments of the two vibrators I, II are 
3 MeiGts MetQts MeiGty MettQity MyttQity MetiGity 
i where 4q; m ‘sy if orientated in s direction. We consider first the 
i interaction for a given, fixed, mutual orientation of the molecules; the 
ratios of the «’s are regarded as parameters which describe orientation 
i effects to be discussed later. With the Hamiltonian (a; = &,/m “*) 


H 1(Qy" t au’ ee a(ay*qy* t ee'Qu) + 
R-"(perert + Myrtynr ~ Zeta Grgrr (2) 


we find for the classical frequencies w, (inphase mode) and w— (antiphase 
mode 


ws? far? + an (lL * @); t 


(3) 


é i (ay" ay)? + 4R *Tuu)*} "/ (xy? + Ky) | 


where [uu| ts the square bracket of equation (2) and the signature of the 
square root in the expression for « has to be taken equal to the signature of 
(uu|. Figure | shows this well-known behavior of the proper frequencies, 
the vertical lines representing the influence of the coupling. Note the 
lack of sharpness of this resonance effect: Far away from x, = «;, we still 
have a strong influence of resonance.’ 
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We chose interacting harmonic vibrators because the quantum levels 
can be simply expressed in terms of w, and w.. The dipole-dipole inter- 
action between the pair results in level shifts, upwards and downwards, 
which are strongest if the two vibrators have identical frequencies « = 
xy. But the principal term of 0 log Z/OR turns out to be independent of 
whether the vibrators have identical frequencies or not; anharmonicity 
of the vibrators will not change this fact. To show this let us form the 
partition function Z for the set of levels shown in figure 2. We see 
immediately from this figure that m, predominates over mn. among the 
thermally accessible quantum states, i-e., we get attraction. A simple 
calculation gives 


log Z sa Pe Jw, k? 4 log (1 * exp | —hiw, kT) ‘. 4 shew... kT + 
log (1 exp (—-Aw/kT))}. (4) 


In the classical limit hw,/kT < 
0 log Z/OR (1 Oe /OR 


whereas in the upper limit Aa,/kT > | 


l ee: ‘Ky? + Ky hh Oe e 
0 log Z/OR — - | &) ( ) =a (0) 
8 8 2 kT OR 
The expression (3) for ¢ shows that the term (0 & 0X) does not depend 
upon whether «;* — «;;’issmallor not. This demonstrates the insensitivity 
of attraction of a pair of simple vibrators with respect to their frequencies 
being identical or not. The same holds if we use higher approximation 
in evaluating (6). 

Quite a new situation arises if we consider quantum mechanical resonance 
between a pair of molecules, each of them having a number of vibrational 
modes; and if we take account of the anharmonic terms in the potential 
energy of vibration of each of the molecules. Let us consider first one 
molecule as a set of vibrators which are coupled because of anharmoni 
terms. Although we can get rid of quadratic cross-product terms by 


introducing ‘‘normal coordinates,’ the presence of anharmonic terms 


means that we certainly cannot abolish cubic and higher cross-product 
terms in the potential energy, and those will cause coupling between the 
“modes” of a molecule. In a complicated molecule there will be many 
“modes” which are almost commensurable (that is, much accidental 
degeneracy and resonance) which causes strong level shifts. In corres- 
pondence terms, certain phase relationships between the classical phases 
of the almost commensurable modes of one molecule will have lower energy 
and, therefore, because of the Boltzmann factor, be statistically preferred— 
the more preferred, the stronger the anharmonicity. This quantum effect 
depends on h/T.? 
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For simplicity, consider first the case of strict phase locking between 
the modes of each one of the molecules, instead of just phase preferences. 
Chis case is approached if there are strong anharmonicities and if there 
are many commensurabilities in the molecule. Let us then consider a pair 
of anharmome molecules, each with phase-interlocked vibrations and the 
pair coupled by ordinary electric dipole-dipole interaction. If the lowest 


of the commensurable modes of molecule I is inphase with the lowest of 
Il (regarding their z components), and if the molecules are identical, the 
other commensurable modes will be pairwise inphase also, which amounts 
to a strong negative interaction energy and thus a big contribution toward 


' 
g Art An) 








FIGURE 1 


Inphase and antiphase frequencies in the vicinity of resonance 


| 





FIGURE 2 


Kxample of thermally accessible quantum states 


the partition function. Ii the lowest modes of the two molecules are 
intiphase, the vibrations contribute little to the partition function. Such 
a pair of molecules behaves like a pair of vibrators with very large vibra- 
tional amplitudes; we may apply again the figure 2 as representing the 
thermally accessible quantum states of the pair of molecules only that 
higher statistical weights will have to be attributed to higher quantum 
states. More precisely: A state n, Ln 1 which indicates a strong 





Vor, 36, 1950 GENETICS: H. JEHLE 


excitation of the inphase mode and a weak excitation of the other mode 
will, in this picture, have the same statistical weight as a state mn, = 1, n_ 
4; the statistical weights will very strongly increase with higher quan 
tum numbers of this representative pair of large amplitude vibrators. 
Thermal accessibility on the other hand, can be represented by a hor 
zontal line & const., lamiting the region of accessible states. In con 
sequence, the thermal excitation of the inphase mode will be overwhelming 
compared with that of the antiphase mode, i.e., the number of thermally 
excited states in which n, dominates over nm. ts much larger than those 
in which »_ > m,. The net effect of the contributions of all quantum 
states amounts to a decrease of the free energy, that 1s an attraction. 

If we consider phase preferences instead of strict phase locking inside 
the molecules, we will get a similar effect but of smaller order. In the 
classical limit 4 7 —» 0, resonance effects and specific attraction disappear. 
Clearly this attraction is specific with respect to the two molecules being 
structurally and therefore vibrationally identical, as the phase preferences 
within one molecule will match those within the other only provided that 


the molecules are identical and properly orientated 


Equation (2) tells us about orientation effects. Consider two identical 


molecules in the same mutual orientation as are two identical closed 
dictionaries which lie right on top of each other, each dictionary’s front 
cover facing upward, but the bindings facing in opposite directions. Let 
the 2 axis in this illustration be vertical, t.e., in the direction connecting the 
centers of the two molecules (dictionaries If each of the molecules 
vibrates en bloc with established phase relationships and if the pair of 
molecules vibrates in synchronism, we have a form of motion in which 
the s;, 2;; components of vibration all vibrate, e.g., inphase and therefore, 
all x;, x4; components and all y;, y;; components vibrate in antiphase. So 
all three components contribute an attractive interaction potential. Such 
a peculiar kind of mutual orientation is caused by the same effect as the 
attraction itself; the pair has lower energy if orientated in that way; 
Brownian motion will bring about this orientation 

Che orientation effects in the interaction-term of (2) will cause a molecule 
with laevo configuration to have a strong interaction but with another 
laevo molecule; the same a dextro with a dextro, as a short consideration 
of various orientations readily shows his accounts for the fact that a 
laevo structure always builds up a laevo structure, and that an admixture 
of some dextro will cause considerable trouble with respect to tts accepta 
bility 

After a pair of molecules has come close together, in the energetically 
most favorable orientation, the dipole field of the pair is altogether different 
from that of a single molecule which prevents the pairs field from matching 
the field of a third identical molecule, thereby failing to attract the third 
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So triplets are not formed. Another pair may, however, be attracted; 
so we may expect formation of pairs, quadruplets, octuplets, etc. 

We shall expect this specific attraction effect to occur on various scales, 
probably from small peptide rings up to larger constituent molecules of 
genes, to genes and gene-complexes and correspondingly for viruses. 

A qualitative argumentation as this one is more easily carried through 
in terms of Bohr's formulation of quantum theory‘ and the correspondence 
principle rather than by straight quantum mechanics. 

Because of the complications of straight-forward quantum mechanical 
calculations of a pair of identical molecules with commensurable modes, 
we simplify the model, and show that the above-mentioned effects exist. 
Anharmonicity strongly couples commensurable modes; quantum me- 
chanically, anharmonicity brings about level splitting (level shifts) be- 
tween various (¢.g., symmetric or anti-symmetric) combinations of resi 
nating ~ functions. These level shifts are the stronger, the stronger 
the anharmonicity, the closer the commensurability and the larger the 
number of resonating modes. 

Interactions between ‘modes’ in a molecule I exist only if there is some 
inharmonic perturbation function, e.g. Agiy*g2y in case of commensurability 
| to 2 between the modes, or other more complicated perturbation fune- 
tions. Similarly for other commensurability ratios, and for the molecule 
Il. The effects, discussed above in terms of the correspondence principle 
do, however, not much depend on the kind of coupling which is assumed to 
exist in between the modes of each one of the molecules. Therefore, in 
our simplified crude model we represent this situation by an interaction 
AgisGay andl Agip1Gey, Of two exactly equal frequency harmonic pseudomodes 
inside each of the identical molecules I and II. We assume qi, and gz; 
parallel orientated and \ negative. As we look for a quantum effect we 
assume that, besides the groundlevel 0, only the next bunch of levels | 
is thermally excited. A detailed calculation showed that for the effect 
under consideration only first-order perturbation theory needs to be 
ipplied. We assume a simple perturbation function 


J 


i, A(qurGer + QirvGerr?  eCQurQurs A QerGere H YrGerr + YerQurs) 
where mw is an expression of the type 
RV erteert HH Mytyt — 2eareri! (3) 


/1, becomes diagonal with the eigenfunctions 


vow Vol gir )Wol Gar Wol girs Wolgarr) = (0000) 

Vio 's{ (0100) + (1000) + (0001) + (0010)! 

vu +{ (0100) + (1000) (0001) — (0010)} (9) 
vu "/,{(0100) ~ (1000) + (0001) -- (0010)} 


vis = '/3{(0100) — (1000) — (0001) + (0010)} 
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In order to show how dispersion forces fit into this scheme, we calculate 
the ground level up to second order perturbation terms (using perturbations 
due to levels up to the second bunch). 

Eo = (4 — (A? + 2y*) /2u*)!/ fx 

Ew = {6 + (A + 2y) x7}! ghix 

Ey - [6 + (A - 2y) «?}! ghix (10) 

Ey = [6 h/x] '/ hx 

Ey = [6 — d/x*]'/ Ax 
This shows the statistical preference of the ‘‘inphase’’ mode yo over the 
three other excited Yu, viz, vis. The negative of the attractive force be- 
comes 


i Ohe 
RTO log Z/OR = kTZ~' (OZ/Oy)(du/dR) ~ kT ~~ exp —- 
dR kT 


hx r?) Feo Ev 
I — 4 exp (- =) ‘= | exp (- 2) + exp (- 2) + 
rm / 
En, a “) 
exp (- ey sd | i TS (5 


p hi E ' ( ~.) fix | (1 ast (1 
~ 4 exp ( - + 2 — exp} - 
«kT oe ee 2 ital, "2 0/ kTS 


This shows that the effect 1s a quantum effect and that it is proportional to 
R~-*, cf. (8). The effect also depends on the factor 


: LX Ax 12 
siti ( ~ ot kT a 


i.e., it depends exponentially on the strength (- A) of coupling in between 
the modes of each one of the molecules. The first and second term in the 
last square bracket in (11) originates from 0/../O and represents London's 
dispersion forces. A similar calculation for a pair of molecules, each one 
containing m equal modes, shows a much stronger influence of \ of the same 
character; in a big molecule the factor corresponding to (12) will be large 
compared with one, it becomes exp | —'/2("m — 1)Ax~*htx/kT}. 

In order to study the specificity of attraction in the case of our simplified 
model, we applied a small detuning 4, («*5* > A*) and calculated its in- 
fluence on the A term (12) of the force (11). The case my = xy = « + 4, 
Kiyy = Keyy = « — 6 brings, like (5) and (6), no change, i.e. again (11). The 
case of Kip = Kiyy = K + 4, Key = Kay = « — 6 makes the term (12) disappear, 
so does the case Ky = «x +- 6, ay, = « — 6, Key = Koy, = «x, and also the case 
Kip = & + 5, key = K — 6, Ky = Key = «. In other words, the attraction is 
specific with respect to the latter three changes. 
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Phis is the effect of phase preferences on the attraction. Our former 
irgumentations make it evident that m the case of commensurable rather 
than equal modes the effect of tdentical phase preferences in the pair of 
molecules which depends on the identity of the pair, 1s causing the speci 
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INHERITANCE OF SEXUALITY IN CHLAMYDOMONAS 
REINHARDI* 


By Girpertr M. Smity aNp Davin C. REGNERY 


DePARTME or Brovoey, STANFORD UNIVERSITY 
Cot unicated Pebruary 28, 1050 
\loewus has studied the inheritance of sexuality in haploid hetero 
thallic (dioecious) algae where the zygote nucleus divides meitically and 


where a germinating zygote produces four haploid cells in which two of the 
cells are of one sex and two of the opposite sex. He has analyzed sexuality 
cells from germinating zygotes of five heterothall« species of Chlamy 
monas and one heterothallic species of Polytoma. For all species in 
vestigated he finds exceptional cases in which all cells produced by a 


germinating zygote are homothalhe (monoecious) instead of all being 


heterothallx For zygotes produced by union of male and female cells of 
the same species he found that the percentage of exceptions ranged be 
tween 2.8 and 7.S In germinating zygotes formed by a cross between 
Chlamydomonas paradoxa and C. pseudoparadoxa the percentage of excep 
tions was j \loewus holds that the genes for maleness and femaleness 


ire not alleles, but are at different loci on homologous chromosomes, and 
g-over one chromosome contains the genes for 
both sexes and the other chromosome lacks genes for sex Daughter 
renes for sex disintegrate; those with genes for both sexes 


persist and cells with such nuclei are homothallic 
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Plus and minus (male and female) clones of several species of Chlamy- 
domonas have been isolated at Stanford University. These have been 
cultured in an immobile palmelloid condition on 0.1%) Beijerincks solution 
plus 1.5°% agar. When palmelloid cultures growing on agar are flooded 
with distilled water the cells develop flagella and become motile shortly 
after flooding. If motile cells from clones of opposite sex are mixed there 
is an immediate fusion in pairs to form zygotes. The resultant zygotes 
become thick-walled within a few days, and are fully ripened in about three 
weeks. Germination of ripe zygotes may be induced by placing them on 
nutrient agar. 

Of the species isolated at Stanford, C. Reinhardt proved the most satis- 
factory for study of inheritance of sexuality. It has relatively large 
zygotes; germinates 22-26 hours after transfer to nutrient agar; and about 
00% of the zygotes germinate. Single zygotes of C. Reinhardt were isolated 
on blocks of agar about 5 mm. square. Four blocks, each with a single 
zygote, were quadrately arranged 5 cm. from one another on nutrient agar 
in a Petri dish. At the end of 26 hours each of the small blocks was 
flooded with a large drop of water. This induced motility in daughter 
cells extruded from germinated zygotes and the cells swam about in the 
small puddle of water. Swimming continued until the motile cells became 
stranded on the agar surface because of absorption of the water by the 
agar. Each stranded cell, by division, developed into a colony that at the 
end of ten days contained hundreds of cells. When the colonies were 


large enough to be visible to the naked eye, each was fished out with a 


sterile needle and transferred to an agar slant. The sexuality of the four 
or eight clones obtained from each germinated zygote was then determined 
by flooding with distilled water and noting the sexual reaction of the cells 
made motile by flooding. 

The sexual reaction was determined for each of the clones developed 
from individual cells liberated from 249 zygotes of C. Reimhardi. None 
of these clones proved to be homothallic. A few (17) isolates did give a 
homothallic reaction when tested for sexuality. However, when clones 
were reisolated from vegetative cells of these putative homothallics all 
proved to be heterothallic and not homothallic. From this it is evident 
that the homothallic reaction of the original isolation was due to a hetero- 
thallic colony being invaded by cells of opposite sex. 

All clones proved to be heterothallic and, where four or eight clones were 
obtained from a zygote, with half the clones of one sex and half of the 
opposite sex. 

In view of the percentage of crossing-over of genes for sex reported by 
Moewus for five species of Chlamydomonas it is reasonable to expect that 
at least one case would have been found for C. Reinhardt. Since this has 
not been found in C. Reinhardi it is very probable that in this species the 
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genes for sex are at the same locus and not at different loci as Moewus 
finds in the species he investigated. 

For inheritance of sex, as well as for inheritance of other characters, 
Moewus always reports obtaining four clones from a zygote. His papers 
do not show whether he always obtained four clones or whether he dis- 
eanded material from zygotes where he obtained fewer or more than four 
clones. Germinating zygotes of C. Reinhardi may produce eight instead 
of four cells, and the number of zygotes producing eight cells is greater 
in old than in recently ripened ones. Although there is always a liberation 
of four or eight cells, there is not always a development of four or of eight 
colonies. For example, in a random selection of 100 zygotes recorded as 
liberating four cells, 83 had a development of four colonies, 11 a develop- 
ment of three colonies, and 6 a development of two colonies. The reason 
why certain liberated cells fail to divide and develop into colonies is as 
yet undetermined, but it is not correlated with sexuality. When the 
three colonies developed from a single zygote are tested for sexuality two 
are always of one sex and the third is of the opposite sex. When there is a 
development of but two colonies the two may be of the same sex, and 
either plus or minus, or one colony may be plus and the other minus. 


* This work has been supported in part by funds granted by the Rockefeller Founda 
tron 
Moewus, P., Zeitschr. d. Indukt. Abst. u. Vererb,, 69, 374-417 (1935 
* Moewus, F., Ber. deutsch. Bot. Ges., $4, 45-57 (1936 
* Moewns, F., Biel. Centralbl., $8, 516-536 (19038 


THE HOMOLOGY STRUCTURE OF SPHERE BUNDLES 
By SHIING-SHEN CHERN AND E. SPANIER 


DeraRTMENT of Matuematics, UNiversrry or Carcaco 


Communicated by S. MacLane, February 25, 1950 


|. Since a fiber bundle is a generalization of a product space, it is 
natural to expect some relations between the homology groups of the 
bundle, the base space, and the fiber. The simplest relation is between 
the Euler characteristics, the characteristic of the bundle being the product 
of the characteristics of the base space and the fiber. For sphere bundles 
the first comprehensive result was obtained by Gysin.' Recently, Steen- 
rod? gave a new derivation of the Gysin results. On the other hand, 
results have been announced by Hirsch® and Leray‘ for more general 
types of bundles. 

In the works of both Gysin and Steenrod the base space is assumed to 
be an orientable manifold, The main purpose of our work 1s to extend 
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this result to the case that the base space is a complex and to furnish a 
simpler and more direct method of approach which can be applied to more 
general fiber bundles. The principal theorem is a statement that a certain 
sequence of homomorphisms of cohomology (or homology) groups is 
exact. It seems to us that this theorem includes all known results about 
the cohomology structure of sphere bundles. As a basis of our treatment 
we make use of the axiomatic homology theory of Eilenberg and Steenrod.* 

In $2 we define the type of bundle to be studied. In §3 we state the 
main results. Some applications of these results are given in $M, including 
a proof of Gysin’s main theorem and a derivation of some relations between 
the Betti numbers of the bundle, the base space and the fiber. An indica 
tion of the methods used is given in §5. 

2. Let K denote a finite connected simplicial complex of dimension rn. 
Let B = |K! be the space of K, and let X be a topological space. A 
continuous map f:X — B is called a fibering of X into d-spheres over B if 
for each simplex s of K there exists a homeomorphism 


gis! X S = f-Xisi), 
where S* denotes the d~limensional sphere, such that 


(a) fe ly,2) = y for ye |s', seS*. 


(b) If s isa face of s’, then 


defined by 


e a Seat ap se 
Os(¥, Base (¥)(2)) Gar (Y, 2), for ye |si,z€S 


is a continuous mapping of |s| into the group of homeomorphisms of S* 


of degree +1. 
X is called the bundle, and B is called the base space of the bundle. The 
mapping f is called the projection of the bundle. The projection induces 


homomorphisms 
f*: F]?(B) —» HP(X 


of the cohomology groups of B into those of X over any coefficient group. 
In the following the coefficient group is arbitrary but fixed for all co- 
homology groups under consideration. 

3. Using the bundle structure two komomorphisms will be defined. 
The first homomorphism maps the cohomology groups of X into those of B 


and lowers dimension bv d. It is denoted by 


®:H?(X) — H’-*(B 
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This homomorphism has been considered by Gysin and Lichnerowicz* 
in the case when the base space is an orientable manifold. 

Phe second homomorphism maps cohomology groups of B into coho- 
mology groups of B and raises dimension by d + 1. It will be denoted by 


© E(B) -—» Het*+(B), 
These two homomorphisms together with /* form an infinite sequence 


e se ro ca ‘* 


» H*(B) —» H*(X) —» H?-*(B) — H’+'(B) 


called the cohomology sequence of the bundle. 
rhe main result is embodied in the following theorem 
Turorem 3.1, The cohomology sequence of a sphere bundle ts exact. 
rhis theorem shows that if the homomorphism ¥ can be determined in 
B then the cohomology groups of XY are group extensions of groups defined 
in B by other groups defined in B. This shows the significance of charac 
terizing the homomorphism ¥, which can be described as follows 
Any sphere bundle gives rise in a natural way to a unique (d + | 
dimensional cohomology class of B with integer coefficients.’ This class 
is called the characteristic class of the bundle and will be denoted by ©. 
It is the obstruction to the construction of a cross-section over the (d + 1) 
dimensional skeleton of B. Using the natural pairing of the integers and 
ibelian coeflicient group to the coefficient group, the cup products 
v Qand® uy w are defined for u « /7/?(B) and are elements of H?***'(B). 
For odd d this follows simply 


For even d it can be 


the 
i“ 
Phe order of multiplication is immaterial 
from the commutation rule of the cup product 
shown that 20 = 0, so that the two products are again equal. Then we 
have the theorem 

Pueorem 3.2. For any ue HB), 


Naturally there exist dual theorems for the homology groups. In 


particular, we define homomorphisms 
fo: H,(X > H,(B), 
b’: H,(B > Hysal X) 
v’: H,(B > Hyg (B 
Phese homomorphisms form an infinite sequence, 


a . ad ¥’ * 


H,(B) + HX) = Hyg B) — Hyis(B) * . 
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called the homology sequence of the bundle. The results for the case of 
homology are summarized in the following theorem 

PHEOREM 3.3. The homology sequence of a sphere bundle is exact. More 
over, tf 2 denotes the characteristic cohomology class of the bundle, the home 


mor phism 


satisfies the equation 
V'(2 2 gz, for s « H,(B), 
1. Gysin’s isomorphism theorem is contained in Theorem 3.3, for let 
K,(B) be the subgroup of 7/,(B) consisting of the kernel of ©’ Phen 
exactness of the sequence implies that WV’ induces an isomorphism 


WH ys a41(B) /feHypranlA AK, (B 


rhe inverse of this isomorphism is the isomorphism denoted by /7 by Gysin 
A slightly different isomorphism is obtained for cohomology if we define 
A*(B) to be the subgroup of /7°(B) consisting of the kernel of ¥. Then 


induces isomorphisms 
HX) / fT (B A?-*(B 
rhe inverse of is Steenrod’s functional cup product.* More precisely, 
if wu « H7”~*(B) such that u U Q 0, then w U Q is defined and belongs to 
H?(X) /f*H?(B Then we have 
Piva ( 


\s a second application we study the influence of the relative position of 


the fiber in the bundle on the homology structure of the bundle. If S* 


denotes a fiber, the inclusion map #:S” ¢ XY induces homomorphisms 


Ihe fiber is said to bound in the bundle (S* ~ 0) relative to a coefficient group 


G if 
te HS” () 


where //,(.S*) is taken over G. In terms of cohomology this condition is 


known to be equivalent to 


H*(X) being taken over a group dual to G 











sees 
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To avoid cumbersome statements we assume in the rest of this section 
that the coefficient group for homology and cohomology is a field. 

The groups 7"(B) and H"(S*) are both isomorphic to the coefficient field 
and hence to each other. An isomorphism 


vy: HB) = H**S*) 
between therm can be found such that 
yb = 7i*, 


Cherefore, if S‘ ~ 0, then K°(B) = 0. This in turn implies that 2 + 0 
and & Q 0 for any integer &. In particular, if dis even, then 22 = 0 
so S* does not bound in X 

If, conversely, S* does not bound in X, the argument can be reversed, 
so we see that RQ = 0 for some integer &. It follows then from the co- 
homology sequence that there is an isomorphism between H?(X) and 
HWeiB x Ss 

Finally, we shall derive some relations between the Betti numbers of 
¥ and B, which were obtained by Gysin, Hirsch, and Leray. Let p?(X) 
and p?(B) be the pth Betti numbers of XY and B and po’(B) the dimension 
of the kernel of VW in 7?(B). Then we have, from the cohomology sequence 
of the bundle, 


atx o’(B pP 4 -"(B) + po? 4 -"(B) + po? *(B). (4.1) 
Let X(t), B(t), S*) be the Poincaré polynomials of X, B, S*, respectively, 
ind let 
P(t) Ss” (p? *(B) — po? *(B))P, 
so that P(t) has non-negative coefficients. It is easily verified by using 
(4.1) that 


X(t SOB (1 + HP(h), 


tS" DIB) s Xf) gs SHB, 


where an inequality between polynomials means a set of inequalities 
between their corresponding coefficients. 
We shall indicate in this section the method used in proving the 
theorems stated in §3 
Let B K*| be the space of the p-limensional skeleton of K. Let 
Y, f~)( B Phen 


\ x, 2 2X, 279 X53 3. 2 X,> X., = 0. 
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Using the fact that f~'(|s|) is homeomorphic to |s| X S* for each simplex 
s of K, it is easy to prove the following 

Lemma 5.1. Let f,:(X,, Xp) —> (B’, B?-') be the map defined by f. 
Then 


f,*: A" B?, BY 2 
ts an tsomorphism onto. Also there is an isomorphism 


\,:H” 4( Rr q BR dj H?(X, 


HY(X,, Xs) = {0}, if¢ 
rhe group of cochains of A, C?(A), is defined by 
C'(K) = H*(B?, B 


so the lemma shows that H*(X,, X,..) is either the trivial group or is 
isomorphic to a group of cochains of A. 
The following diagram will be referred to as the main diagram 


{0} % H(X) fo} se) HP+i(X) 


vy" 


; 


= PU, X02 PUI 


b=) HX, 4, Xp 


In the main diagram 4, and 4, are coboundary operators and a,, 8,, >», 
Pp, Tp, Tp are induced by inclusion mappings. Using the exactness axiom 
of cohomology theory and (5.4) the following can be proved. 

LEMMA 


- 


5. For any p 2 0, the sequence of homomorphisms ay, By, by, 


5. 
Ppo+is Voel bp+15 Tp+t, Tp+2 is exact 
The fact that in defining the bundle, g,,, (y) is required to be a homeo- 
morphism of S* of degree +1 furnishes the following results. 


LemMA 5.6. Commutativity holds in the diagram 





penis 


REPSOL AES 


Ser a ahah = oC eaeenS ay 








e 
f 
: 





fATHEMATI CHERN AND SPANIER Proc. N. A. 5S 


weed to construct the homomorphisms used in forming the 


juence of the bundle from the main diagram 


lhagram, let we /P(B Let ce CP(K represent Then 
there exists ve /7°(X) such that 


” 


ee that "iu 
bs FLX > Hf B 
Chet efi ‘ Since r,{ 7,2, Q, there 1s 
id 
t rat 
‘ a 
' } . ‘ ] , A rial | t mun 
“ i Cocyele i md aeternhines a co 
| lepends only on u and is defined to be 
| ai B 
e ( t represent 4 Then 6 (), so 
i e 4 . \ such that 
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Now 4,(¢) = ve H**'(X,,;, X,). 


Since 


it follows that é(¢) 0. 


depends only on « and is defined 


Having defined the homomorphisms f*, #, ¥, Theorem 3.1 follows 


immediately from Lemma 5.5 
If the integers are used as coe 
homology class in B. It is easy 


satisfies the equation 


0 


The following is a brief sketch ¢ 


CHERN AND SPANIER 


Let ce C’*'(A) such that f,4:°(€) 


0, 


The cohomology class in B to which « belongs 


to be Vim) 


fficients, let w« /7°(B) be the unit co- 


to show that the characteristic class 22 


Viw). 


# the proof of Theorem 3.2. We con 


sider X & Bas a bundle over B X B. Let ¥, be the homomorphism ¥ 


defined for this bundle Then it ¢ 


Vila X B) Via) X 8B, 


Let d:B — B X B be the diagona 


B is equivalent to the given bundle 


d*¥, 
Then 


d*Vi(o KX u 


d*v¥ w ) a* Vw 


Added in proof March 27, 1950. W 
appeared in the C. R. Parts of January 3 
3.1 and 3.2 

1 Gysin, W., Comm. Math. Helv., 14, 6 

* Steenrod, N. E., Ann. Math., 50, 954 


* Hirsch, G., C. R. Paris, 227, 1328-1330 (1948 


‘ Leray, J., sbid., 223, 395-397 (1946 
* Eilenberg, S., and Steenrod, N. E., th 
* Lichnerowicz, A., Comm. Math. Helt 


an be shown that 
for ae H1°(B), Be HB). 


Imap. The induced bundle by d over 


It follows from this that 


vd". 


A 


hile this was in press an article by Thom 


), 1950 which essentially contains our theorems 


1-122 (1942 


988 (1949 


ese Procrepines, 31, 117-120 (1944 


, 22, 271-301 (1949 


Whitney, H., these Procrrpines, 26, 148-153 40) 
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ELIMINATION OF RANDOMIZATION IN CERTAIN PROBLEMS 
OF STATISTICS AND OF THE THEORY OF GAMES 


By A. Dvorerzxy,* A. WaLpt aNp J. Wotrowrrzt 
sTiruTse FoR Apvancep Srupy anp Cotumaeta UNIversrry 


«ated by J. von Neumann, February 11, 1950 


1. The main aim of this note is to show that mixed strategies may be 
eliminated from statistical decision rules based on the observation of 
random variables with continuous distribution functions, and from games 
of a similar structure 


\fter stating a general measure-theoretic result in 2. we deduce in 


we give some results on 
Our methods lead to considerably more general results 
than those presented here (in particular they can be applied to what may 


be termed sequential games) 


ind 4. some results on games. In 5. and 6 
decision problems 


Che selection of results presented here 
was motivated by our interest in statistical problems. Proofs and a more 
complete study of the subject will be published elsewhere. 

2 Let ix XY be any space and {S$} 
Let pe(S) (R Ls 2 


= $a Borel field of subsets of .X 
: , P) be a fimte number of real-valued, bounded 
ind countably additive set functions defined for all S « &. 


The funda- 
mental measure theoretic result mentioned in the introduction is the 


, n) be real non-negative $-measurable 


for all x e X. (1) 


are non-atomic,' there 


, 5, belonging to 


this theorem makes use of a result of A. Liapounoff? on 
vector measures and yields, incidentally, an extension of his 
result The non-atomicity requirement is indispensable. It is this 
sumption that is responsible for the possibility to disregard mixed 


strategies in the games treated here, as opposed to the finite games originally 
nse red by | \ tr Ne uMmManh 


i two-person zero-sum game where player I has a 
gies 1 (1 Lew , m) while the pure strategies 
measurable functions /(x) defined over X and 


Strate 


; 
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assuming only the values I, 2, ,”. The outcome of the game when the 
above pure strategies are adopted is given by 


K(i, Ux)) = ¥ wy(S)), (3) 


jul 


where S, is the set where /(x) assumes the value j and the w,(S) (¢ = 1, 


,m; j = 1, ..., ”) are real-valued, bounded, countably additive set 
functions defined for S$. 

The general, mixed or pure, strategies of I may be represented by vectors 
t= (4, ..., Es) of non-negative components adding up to one, while the 
general strategy of II may be written as a vector function (x) = (m(x), 

-» %,(%)) the components of which are non-negative S-measurable 
functions satisfying (1). When these strategies are adopted the outcome 


of the game is 


” n 
K(&, n(x) = Lf Ls n(x) dpuy(x). 
A pure strategy of II may be also represented by a vector 9(x), only now 
the additional assumption is made that all components are either zero or 
one for all x. We easily deduce from Theorem | the following: 

THEOREM 2. I[f the set functions uy(S) (t = 1, ,m;j=I1,...,n)are 
non-atomic, then to every strategy (x) of player II there exists a pure strategy 
n*(x) equivalent to it, i.¢., such that K(&, n(x)) = K(&, 9*(x)) for all strategies 
§ of player I. 

In most cases the functions w,,(S) are given by u,(S) = Sail \du,{x), 
where the y,(S) (¢ = 1, , m) have the properties described above and 
the ay(x) (j = 1, ..., m) are $-measurable real-valued functions integrable 
with respect to u,(.S). The special case when the functions a,,(x) reduce 
to constants is particularly important. For this case we have 

TuHeoreM 3. If in the preceding theorem j.(S) = dyudS) then whatever 
n(x) there exists a pure strategy n*(x) equivalent to tt simultaneously for all 
choices of the constants ay. 

4. We now return to Theorem 1, but instead of considering the case 
where there existed a finite number of functions u,(.S) we consider the 
case when & varies in some abstract space K. Let us introduce a metric g 
into the space K by putting g(k, k’) = sup | u.(S) — u,’(S)|, the sup being 
taken with respect to SeS. It is clear that if all other conditions of 
Theorem | are satisfied and the space M, with the metric g, is conditionally 
compact then, given e > 0, one may find a decomposition of X into disjoint 
S;¢$ such that 


Sonfx)duy(x) _ pel Sy) | < (j Mb. ves keK). 


We aE TR eA sai Nae eae ORR BMG iiss 
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We now consider games of the kind described in 3. except that we drop 
the restriction that 1 vary over a finite set and allow it to vary over an 
arbitrary space /. The outcome when pure strategies are adopted is 
again given by (3), while generally it is given by 


, Sa er er 
K(é, m\x Si 2 Sins duy(x) (do 
j=l 
: t, being a probability distribution over / representing the first 


player's strategy 

From the preceding application of Theorem 1 we have 

Tueorem 4. If the set functions p,(S) (tel, j = 1, , nm) are non- 
atomic and I is conditionally compact according to the metric 


‘ 


g(t, 2’ max sup [wy(S) — wi’ AS (i, t' el) 
on Say Sly 
then to every « > 0 and every strategy n(x) of the second player, there exists a 
pure strategy n*(x) of this player satisfying | K(, 9*(x)) — K(é, n(x))! < « 
for all strategtes & of the first player 

A theorem recently proved by R. Bellman and D. Blackwell‘ is a very 
special case of this result. Theorem 4 can evidently be extended to 
include the case when 7 also has an infinite range. 

5. A rather extensive class of fixed sample size decision problems in 
statistics may be described as follows. A random variable x with range 
in a /-dimensional Euclidean space X is distributed according to an un- 
known one of a finite number m of distributions, the possible (cumulative) 
distribution functions being F,(x) (1 & ,m). An observation (this 
means, in general, a sample of size /) 1s made and according to the observed 
value x the statistician may adopt any one of m decisions j7. (In many 
cases m n and the statistician has to decide what is the true distribution.) 
If £\(x) is the actual distribution, x the observed value and the jth decision 
is adopted, then the statistician sustains a loss w,,(x), where w,,(x) is a 
finite real non-negative measurable function of x. If the statistician, on 
observing the value x, adopts the various decisions with probabilities 
n(x) (these being non-negative measurable functions satisfying (1)), then 
the risk, or expected loss, when F(x) is the true distribution function is 


ridin ‘ a w, (xn (xd F(x) 


We again say that the decision function n(x) is non-randomized if for every 
v all but one of the n(x) vanish 
Chere is no difficulty in deducing from Theorem | the following result 
Pumorem 5. Jf the distribution functions are non-atomic® then given any 
deciston function n(x), there exists a non-randomiszed decision function n*(x 


equivalen! to it, t.¢., such that r,(n rin) for4 ae _m. If, more 
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over, the loss functions w (x) reduce to constants wy, there exists a non- 


randomized »*(x) equivalent to »(x) simultaneously for all choices of the 


constants Ww, 

6. In a sequential procedure the sample size is not given in advance. 
In this case the problem may be presented as follows: An infinite sequence 
of real chance vanables (x;, Xe, ag is distributed according to an 
unknown one of a finite number of distribution functions F,(x,, 2X, 

Xs, (¢ = 1, 2, ,m The statistician has again a choice of a finite 
number n of (terminal) decisions. His decision rule 6 consists of real, 
non-negative, measurable functions 4,,(%), Xs, ,x*) @ = 0, 1, nm; 
t 1, 2, satisfying 

a 

> é, 2 ; 1 for all < Xr < @, 

The decision rule expressed by 4 is interpreted thus: According to the 
observed value’ x,, the statistician decides either to continue experi- 
mentation and make another observation, or to stop further experimenta- 
tion and adopt a terminal decision 7(j7 = 1, , n) with the respective 
probabilities 4:(x%,) or 6(x%1) UY l, , nm). If it is decided to continue 
experimentation, a value of x, is observed and it is again decided either 
to make a further observation or adopt a terminal decision 7 with respective 
probabilities d92(%), x2) and éy(x1, X), ete., ete rhe risk or expected loss if 


F, is the true distribution and the decision rule 4 is adopted is given by 


» Xe1) 


where JY, is the ¢ dimensional space of x, » €e VerlXn , X,) are real 


finite non-negative measurable functions (representing total loss and cost 


of experimentation) and F(x, , X,) is the joint distribution function of 


Y; 


Ir 


x, when F, is the true distribution. The sequential decision rule 
§ is called non-randomized if for all x,, et 1.2, all but one of 
the m + 1 function de;(%, . ¥,) are equal to zero. 
Here we have the result 

THEOREM 6. Jf the m one-dimensional distribution functions F;(x;) 
1 ne , m) are continuous, then given any sequential deciston rule, there 
exists a non-randomized sequential decision rule equivalent to it. If, more- 
over, the functtons 0;,(%1, , x,) reduce to constants v,,,, there exists a non 
randomized decision function, equivalent to the given one, simultaneously for 
all chowes of the constants 1 
In statistical applications tv »,(%1, , x,) 18 usually zero, and one 


considers only decision rules for which the probability is one of terminating 
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experimentation in a finite number of steps. Theorem 6 remains valid 
if these restrictions are explicitly made. 


* On leave of absence from the Hebrew University, Jerusalem, Israel 

+ Research under contract with the Office of Naval Research and Development 

‘Le, if for some SeSi and 1 ¢ & S p, we(S) # 0, then there exists an S’C S also 
belonging to $ and such that ug({5") is neither zero nor equal to wg(5). 

* Bull. Acad. Sei. U.R.S_S., 4 465-478 (1940 Cf. also Halmos, P. R., Bull. Am 
Vath. Soc., $4 416-421 (1948). The essential part of Liapounoff’s theorem was again 
proved independently by Neyman, J., C.R. Acad. Set. Paris, 222 843-845 (1946 

‘Cf. eg, Neumann, J. v., and Morgenstern, O., The Theory of Games and Economic 
Behavior, 2nd ed., Princeton, 1947 

‘* These Procespincs, 35 600-605 (1949), 

‘Cf, eg. Wald, A., Ann. Math. Stat., 20 165-205 (1949 

* This means, in the present case, that no single point is assigned positive probability 

We exclude those procedures in which there is a positive probability of reaching a 


final decision before making even a single observation 


ON MULTIPLICATIVE PROPERTIES OF A GENERALIZED 
JACOBI-CAUCHY CYCLOTOMIC SUM 


By G. B, FarrcLorn AND H, S. VANDIVER 
DeraRTMENT OF AprpLigep Marugmatics, UNtversiry or TEXAS 
Communicated February 1, 1950 


In this article we shall consider the exponential sum,' for s > 1, 


¢=1 
olay”, ..., an” 2 ee a ae ee 
a) ++, @ i i=! 
¥(a,"") FF (la) 
where a enti § ae 1, 2, , 5; p" — 1 =20(mod m,), p is an odd prime; 
jy, # 2. , sintegers > 0; ind a, is defined by 8 “+ =: ay, in a finite 


field of order p", designated by F(p"), or K; g denotes a generator of the 
cyclic group formed by the non-zero elements of F(p") under multiplication, 


ais 0 for any mw, and each a, ranges independently over each 
, i 

element of A, with A | >> ay 
il 


In the article just cited (relation (17)) a relation was found for the 
number of solutions in y,, Ye »y, of 


5 


1+ >} gt tt = (2) 
j$-1 





Vou, 36,1950 MATHEMATICS: FAIRCLOTH AND VANDIVER 261 


where +, is in the range 0, 1, ..., (mm, — 1), with myn,’ = p* — 1, This 
result may be regarded as an additive property of the number y. Here 
we shall be more interested in multiplicative properties of it, particularly 
its decomposition into factors in various ways. The sum ¥ is an algebraic 
integer in the field k(a) with a = e”’" and m = p* — 1, and from an 
arithmetic standpoint questions of factorization are often fundamental. 
The arguments we shall use are, in the main, extensions of known methods 
for deriving properties of (1) when s = 2. In spite of the fact that our ¥ 
seems to be quite a complicated number, relations (15), (17) and (20) 
turned out to be much simpler than what we originally expected them to be. 
We also shall consider 


7 i < - a) 
rl a”) 4 Zz: ai * nabs . (3) 


ack 
with wu any integer and we define tr(a) as follows: It is known that a + 
a® + ... + a@-» = ¢ where ¢ is an element of F(p), and (k) = p*. If 
we take the residue classes modulo p which form a field isomorphic to 
F(p) and ¢ maps on a residue class defined by the integer d, then we set 
c* @ = ¢4 From the definitions of tr (a) and ind a it follows easily that 


ind a + ind 6 = ind (ab) (mod (p” — 1)), tr (2) + tr (0) = tr(ia + 8). 
The following relations are known: 


lifc # 0, 


»tr{ac) 
4 


J 
ip" — lifc = 0; 


{0; c # 0 (mod m,), 
lom,; c == 0 (mod m,); 


as well as an important property of (3), namely 
- ri 1) . 
ra”) r( ay ~) = a," “nd p", (6) 


where a; # 1. This relation will be generalized in (9). 
In order to prove two theorems concerning the factoring of ¥(a,;", a,”, 
a“) we shall first consider 


’ 


s 5 
ul r(a;/"*) _ > > Il a, ind pe a 4 ee (7) 
+1 a, *,@ tl 


Under the assumption that II a," = 1, this may be reduced by letting 
i#-1l 
a, = —ba,,1> 2; (7) becomes, 


’ 


5 ind a 38 5 ind (Dp ) 
( Il a) Il aut ind n.( ll a) tr @y(L dy ~~~ + — Bg)- 
oe \é i i=? \g = 2 














" 


q 
i 
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Since II a," Landa, ” Il a,“ the above may be written 
° ma ind 6 m ted 1 >. tr b, é 
> Il a ay TE aan 


Using (4) then (7) reduces, when we carry out the second summation, to 


- p" ] II au m Aan 


wm ind i 
on ' ‘ 


where in the first summation each 6 ranges over all elements of F(p") such 


that | Ds bh. «¢ 0 and in the second, over all elements of F(p" 
where such is not the case 
n" te nd i 
For 2, the expression (S) reduces to p” a 
For s > 2, recombining the terms in (8) gives, for the right-hand member 
f (7 
. , P ia hain 
S I a,’ Y : Seas 
& : 
. ind A s a 
e Il a” t . i 
b bs ’ s 
Che second term 1s zero unless yu QO (m,) for alla; therefore, we may now 
write 
¥ rm i) » ie " d 
IT a pyla a a 
$0, if uw, #@ O(m,) tor somet> Il, 
ms ; 
tif Wow in lor ¢ ich 
where II a,” For > we obtain (6), using (la If we employ 
the relatio 
; 7 7 7% 
y\a t ya a x 
, 
where Il a,” ,and uw, # 0 Gm, for any ¢ (the proof of this result will 


published later by one of the authors), we then 


nd gw, # O (m,) for any 7 then 


eemnpialbiorwrtaninetetee 








ce estamerensaniiness 
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Now we consider (7) under the assumption that II a,“ # 1. Let 


J 
a, Tt r a ‘ Consider first the case where ¢ O: if we let a, = 
ba, where i > 2 then since 1 + & 4 + b 0 we may write (7), on 
the right, under the above assumption, 


; 


E,. (ite) 


Since S II a “) 0) thus in the case where «¢ 


hawt 
we | a ‘ 


7) equals zero. Consider now the case where c # 0. If we let a, = ¢ },, 
then since 4, + f» 4 + b 1, we may under these conditions write 


ind 
i 
a 


the right-hand member of 
which in view of (1 3) mav be written, 


Thus we now have 


LemMa II: /f II 


From this we immediately obtain® 


provided a x ‘ , on using 


a") (12) 


We now proceed to factorize y, distinguishing four cases, I-IV. Through- 


Set, if 


out the discussion of the four cases we assume >t > | and up, # O (mod 
m,) for each 1 


if af | then by (10), and using the notation indicated in (12), 


we have 











t 
& 
¥ 
2 
§ 
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t ‘ 
Ul r(a,") ° II rl a;,'") 


(13) 


i-1}t j=mit+t 


¥i,. * —p" 


: 
Suppose I] a= 1. Iit 1, then yu, = 0 (m,), which is contrary 
iwi 
to the original assumption; thus we may assume / < s 


rhe right hand member of (13) then becomes by 


1 noting that 


> 2 by hypothesis. 
a+ 1 Mp j 


(10), noting that a,,, a & 
Vis P"b. « . via, e a,*), (13a) 
5 
II. Suppose II a # 1, with IT a” = 1. Ift < s, (13) may be 
$=} i=l 


written as 


MI r(a/" ( o a) ere 


i-} , ‘- 
i 1s ’ 
( 1 ai") F 
tel / 
which becomes by (10) and (11) 
ViWwie = Wie (138) 
’ i 
Wt. If Tl a” # lwith I a; = 1 then by (10) we have 
‘#1 swt 
i 5 
II rla," II tla’) 
vis $= i stat Q (14) 
r( Il a) 
‘1 


Since r+ | Il a) r( I a), (14) may be written as 
oe 


Lil d i+ 
t 5 
Il a m" II Tia m 
ant i $v i+t 
-,” ‘ 
{ Il ai) 
mit+il 
which becomes by (10) and (11 
Wis pi, wlan, » oa (14a) 


Il a?“* # 1 with ID a“ # 1; (14) may be written 


on | | 


I\ Suppose 


~ RN e NB  RSNCR 
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which becomes by (11) 
Vis, s Vis (146) 


Thus we have, since results (15a), (1346) and (14a), (144) are the same, re- 
spectively 
THeoreM I: Jf uw,  O(m,) and > > I, then 


oe | ‘ (15) 


¥1, PI 
py ¢ a” , a@ % if I] aa a l, 
’ 

the symbols used being defined in (1) and (12 

Suppose {,>t> > t,, 5 > t,> 2, are the distinct values of t for which is 

t ; 
Il a, 1 and assume also that pn, # O(m By Theorem I we may 2 
i-1 ni 
write 

Vi, Wi, 4a West, (16) 
By continually reapplying said Theorem, (16) becomes, since f, exceeds 
iny other /, | 
v1 , p” wy n Vir» n42 ¥; ly # 


Repeated application of this relation and (15) gives 


wk 1,2 W2,8-. Went, 


, 
Vi,» p ; 
4 j 
Wt, q+ W tes te+l 
. la we nd (i 1 E+ 
but vy, «4 >. | aie , and since a, ~ ol, Was gat 
then we have‘ 4 
PHeoreM II: Jf wy, € Om, 2 L, 2, , 8, and k represents the number 
i 
of distinct t's for which Tl a?’ | where t < 5, then 
Vis "Vi. 2 ¥ ‘ (17) 
the symbols used being defined in (1) and (12 


The condition, un, @ Ol(m,), does not constitute a restriction on the 
generality of this result since we can reduce a y number for which yp, = 
O(m,) for some t's to a ¥ number involving only those a,“ for which p, # 
Olm, 











® 
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i 
For the case where mm), m, m, are prime each toeachthen II a,“ ! 
if and only uf y Om), 4 oe _t. . Hence we have the 
COROLLARY, Jf m,, mM», m,, defined tn connection with (1), are prime 
each lo each, then 
. vis We, 3 ¥ (18 


From Theorem I] we obtain in general a great variety of decompositions 


f ¥ by renumbering the quantities 


. 
a ™ a ¥ a,’ 
i i 
ty me Ct» wy Cl, sia 
the latter being any permutation of the original set, and letting a,“ be 
repl iced by a,.”": in the proot of iv t Pe 5 


Che form of (17) enables us to obtain a number of multiplicative results 


concerning ¥la,", a,”) from the multiplicative properties of y(a,”, 
a,” For example let m be the least common multiple of mm, mz, 

m, then any ¥ , may be written in the form 

y the A” ind + d ind 3 19 
eK 

where 9 e’"™ and 6 and d are some integers. Suppose we define a 
number ¥ , by using FY in place of F(p") in (19), then further 
wsume that ¢g e where g, 18 a multiplicative generator of the cyclic 


group formed by the non-zero elements of F(p’"), g has the same property 


for FU ind alse 
; i. } 
| j | 
” ni 
Then H. H. Mitchell® showed that 
» o , ; ’ 
War ' ¥ 
nless both 6 and are O(rnod m Using this together with (17) gives 
nmedstely 
; j d A, \* hada | ) 
¥ ! j . 20 
for # 0 (mod np ind & is defined as in Theorem I] 
anciive t} PROCEED! 8, 36, 144 (195), with references there given 
Wes ‘ tor. Math 55, WO) 1949), last relation on said page, and relation 
f ference givet mir first footnote Our relation (9) of the present paper, 
t x v W " Mav nt than (10) for some purposes 
\ ‘ gave TK nt different at least in form to derive a corre 
' x ty I f I num ber x) which is a special case of our number ¢ 








“4 4 
‘. 
7 } { 7 
For x t ! h tot rox here seems to be found in H. J 
S Smit kk ) he Tl rv of < Collected Works. Vol. I, 271-272, Oxford 
SO4 reproduced by P. Bac nt @ vor r Kr iiung, 270-281, Leip2ig 
Ker ) Mowever wr w of (1) for s not exhibited explicitly 
y thern in ter od the . , Z 


x”) of our relation 


ine r 18, 12 9 


Til SOLUTION OF A CERTAIN GENERAL TYPE OF INTEGRAL 
) : y 4 
( PL JON 
By Tenny FE, ROSENTHAI 
4 4 RE I INEE} LA RA RIES, | + M Mit iH | 
Communricated by C.F ve, Febr y 0, 195 
Che following integral equatt rose engineering design problem 
j f(u) -+ f’"( ‘ ( | 
Che only restriction placed on the function f(m) is that it be analytic 
If we assume that f(«) has the fort 
4 | ] 
i j i i a 
where F(u) is anv given analytic function, then equation (1) takes the form 


i ; i é + 24 + 4A} d)idu 8 } 


itic equation in A has two solutions for every given Flu 

We have thus found the expression for A which makes equation (2 

COM lution equatt 

It is obvious that a solution of Type (2) exists for a much more general 
tvpe of integral equation thar Consider a function @ which ts rational 

i analvtie im flu nd its various derivatives but does not involve the 
independent riable w exphicrtl fhe integral equation 

Je ‘ f "in ‘ 0) ) 

will have nhiity i Type since | ubstituting equation (2) and its 
derivative rf nd its derivatives and performing the integrations, 
we obtat n alvebraic equation fer A which can be solved at least im 
principl 

It should be possible to extend the ] 


| le te nd these resu till more general types 
1 ~~ 
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EXTRACTION OF A MATING REACTION INHIBITING AGENT 
FROM PARAMECIUM CALKINSI* 


By CHargtes B. Merz anp Wrinirrep ButrerFie_pt 
Osporn Zoovoaicat Laporatory, YALBS UNIVERSITY 


Communicated by Ross G. Harrison, February 25, 1950 


Since interaction of mating-type substances at the surfaces of conjugat 
ing paramecia may initiate the physiological changes of fertilization in 
these animals,’ a detailed study of the nature and manner of interaction 
of these substances is warranted. So far all attempts to obtain an active 


’ Furthermore 


extract of mating substance from paramecia have failed.* 
all mating reactivity disappears when these animals are thoroughly broken 
up. This apparent disappearance of mating substance activity from 
both extract and residue suggests the release of some mating substance 
inhibiting agent. Such an agent has now been obtained from homogenized 
Paramecium calkinsi. The presence of this agent can account for dis 
ippearance of mating substance activity in certain, but not in all, extrac- 
tion proc edures 

Preparation of the Agent. -Paramecium calkinsit were grown in a 2/5 sea 
water-baked ‘lettuce infusion which had previously been inoculated with 


Aecrobacter aerogenes. To prepare paramecium extracts the animals in 

P four to six liters of pararnecium culture were concentrated to 25-50 ml 

‘ by passing the culture through a porous-grade Berkefeld filter (the senior 

t author's method has been described fully by Sonneborn).’ The animals 

were further concentrated by centrifugation, washed in 2/5 sea water 
and taken up in one to three ml. of 2/5 sea water. These concentrated 
iunimals were then homogenized or were lyophilized® and later taken up in 
distilled water and homogenized The crude homogenate was then 
centrifuged or passed through a sintered glass filter to give an opalescent 
supernatant or filtrate. 

The most practical method for detecting any mating-type substance 
inactivating agent is to treat reactive dead paramecia with the agent, 
wash the dead animals free of the agent and then test them for specific 

mating reactivity with living animals. When testing paramecium homo 


genates for mating substance inactivating action the use of reactive dead 
animals in preference to living animals is essential because living animals 
may be killed by a non-mating-type specific heat labile auto-toxin fre 
quently present in homogenates (Metz, unpublished). This introduces a 
compheating factor which cannot be controlled. If living animals are 
not killed by the homogenate, they can feed upon it with consequent loss 
of mating reactivity due to overfeeding 


Che dead reactive paramecia used in these experiments were prepared 
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by treating cultures of P. calkinst with formalin or picric acid (19 or 15 
volumes of culture to one volume of formalin or saturated picric acid 
solution, respectively) for one hour. After the treatment the animals were 
washed in 2/5 sea water and suspended in this saline. Properly selected 
cultures of reactive Type I P. calkinst that have been killed in this manner 
give very strong mating reactions with living Type II animals. These 
dead animals will even induce meiosis, macronuclear breakdown and 
pseudoselfing pair formation in living Type II animals.’ Formalin-killed 
Cype II animals at best give only moderately strong reactions with living 
Type I animals, whereas picric acid-killed Type II animals can give very 
strong reactions. 

To test for inhibiting action one to several volumes of the opalescent 
extracts were mixed with a given volume of strongly reactive dead 
paramecia (usually two drops containing roughly 1000 dead animals). 
After an exposure of one to two hours the extract was withdrawn from the 
treated dead animals. These were then washed in 2/5 sea water and 
tested for mating reactivity by mixing with living reactive animals of the 
same and opposite mating type. Generally such extract-treated dead 
animals failed to give mating reactions or at best gave only weak transitory 
reactions as compared to control dead animals buffered at the pH (5.5) 
of the extract. 

Relation of the Inhibiting Agent to the Mating Substances.--Apparently 
the mating substance inhibiting agent of the extracts is not the mating 
substance of the extracted animals. This follows from the fact that the 
inhibiting agent is non-specific. Thus the extract prepared from mating 
Type I P. calkinsi inhibited dead reactive animals of both Type I and 
Type I]. Moreover P. calkinsi I extract inhibited formalin-killed reactive 
variety 4 (Types VII and VIII) Paramectum aurelia. Extracts prepared 
from Type II P. calkinst were also non-specific in action. If the inhibiting 
agent were the mating substance of the extracted animals, it should show 
mating type specificity. It would be expected to react with and inhibit 
only animals of the complementary mating type, not animals of the mating 
type from which the extract was prepared. 

In view of the non-specific character of the inhibiting effect, one system, 
namely the action of Type I extract on Type I animals, was selected for 
further study. 

Mode of Action of the Agent.—-The inhibiting action of homogenates 
was not altered by repeated centrifugation or by passage through a sintered 
glass filter. Thus the inhibiting action cannot be attributed to a simple 
mechanical factor such as clogging of the cilia of the treated dead animals 
with debris. Therefore it is concluded that inhibition results from chemical 
combination of the mating substance with some agent in the extracts. 

Apparently the non-specific mating substance inhibiting agent does not 
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t by combining with the mating substance of dead animals in antigen 
itibody-hke fashor [ins follows from the fact that all attempts to 

ibsorb the inlubiting agent of Type I extracts by living or dead Type | 
nara ia have failed, and suggests that the agent may inactivate the 
nating substance by enzymatic action. Furthermore the agent acts slowly 
ind only in low dilution This is indicated by the experiment presented 
table Che extract used in this experiment was prepared by con 
entrating six liters of culture (0.8 ec. packed paramecia) and homogenizing 
the anmmals in 3 ec, of » sea water after lyophilization 
Unfortunately there 1s no convement objective assay method available 
a r determiming the amount of active mating substance present on dead 
r living paramecia However, the relative degree of reactivity as indi 
cated subjectively in table hows that little if anv mactivation occurred 
ur the first 20 nuinutes of exposure to extract even m the highest extract 
entration Sixty mounute exposure to the extract were required for 
I ‘ { ‘ Ra F | IIT! F FORMA KILLEI 
PARAM! { i i vy i ALKINGI Type | Exrrac 
1 a iw uw 
earl oO lete mactivati i the formalim-killed Type I animals The 
reactivity of the test a i] the fourfold (0.65.7) extract dilution was 
t theantly different trom that of controls in buffer solution even after 
HO0-munute treatment with the extract 
It ipparent from this expermment that the inhibiting agent acts slowly 
eve t the lowest dilutiw 1S¢ ind that the rate of mactivation 1s a 
Ses ‘ ’ i the concentrator i the agent 
p ( 1 we Preliminary tt ts to characterize the 
| ith tot | e | how that 1t 1s heat labile to the extent 
t it ct is ft lestroved at 100°C It is non-dialvzable and 
ent t ‘ lute acet ‘ nce paramecia which have been 
reat vit bsobhute rCe LOT dried and finally extracted 
clive preparat ol the inhibiting agent ; 4 formalin 
ill i | me | ani | t we I mot it ( I II amimals 
tte ts t t out the agent with ar omum sulfate have tailed The 
wii si} rere | { tt i | Sil ernatant were 1 ict t bot separately 
‘ boat Probably the ‘ t was inact ited in tl 


in the proces 
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These fragmentary data indicate that the inhibiting agent ts a rather 
labile substance of fairly high molecular weight and suggest that it may 
be a protein. This is in accord with the view that its action is enzymatic 

Discusston.—-As mentioned previously, the mating substance inhibiting 
agent cannot be the mating substance of the extracted animals. This 
follows from the non-specific character of its action, from the fact that it 
cannot be extracted from formalin-killed reactive Paramectum calkinst 
and that it can be obtained from animals which are not in mating condition, 
rhe presence of this agent can account for failure to obtain active extracts 
of mating substance from homogenized living or lyophilized animals 
However, it cannot account for disappearance of mating substance activity 
in both extract and residue of homogenized animals that have received 
sufficiently harsh treatment (1.e., formalin) to destroy the inhibiting agent 
without destroying the mating substance. Disappearance of mating 
substance activity under these conditions cannot be explained readily 
except by assuming that essential structural relations of the cell surface 
are destroyed by the mechanical extraction procedure used. At present 
there is no evidence that any such gross steric factors are essential for 
mating substance activity. 

This study suggests that the mating substance inhibiting agent 1s 
enzymatic in action. If the agent should prove to be an enzyme and if the 
chemical nature of its action could be demonstrated with a well-defined 
artificial substrate, knowledge of the nature of the mating substance might 
be considered advanced. Such an enzyme might be concerned specifically 
with the characteristic appearance and disappearance of mating reactivity 
in normal living animals in accordance with their nutritional state. It is 
also possible that the agent isin the nature of a ‘“‘digestive’’ enzyme which 
bears no physiological relation to the mating substance Either of these 
possibilities is of sufficient interest to warrant further investigation of the 
mating substance inactivating agent 

Summary.—Extracts of Paramecium calkinst which inhibit the mating 
reactivity of formalin or picric acid-killed Paramecium are described. 
rhe extracts are not species or mating type specific in action. Therefore 
it is concluded that the active agent in the extracts is not the mating sub- 
stance of the extracted animals. Since the inhibiting agent 1s not absorbed 
by paramecia it 1s suggested that it may be an enzyme, The possible 


relation of the inhibiting agent to the mating substance is discussed. 


* Aided by a grant from the National Institute of Health, U.S. Public Health Service 

rhe writers are indebted to Prof. T. M. Sonneborn of Indiana University for reading 
the manuscript 
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ON THE RATE OF PASSIVE SINKING OF DAPHNIA 
By Joun L. Brooxs anp G. EvELYN HuTCHINSON 
Ossoun Zoovocical Laporaroay, Yace Untverstry, New Haven, Connecricut 
Communicated by J. S. Nicholas, February 28, 1950 


The resistance encountered by a body falling in a viscous liquid is given 
approximately by dimensional analysis as 


R = kdty*pt~1y2-* (1) 


where d is an appropriate linear dimension, v the velocity of the body, 
p the density of the medium and xy the viscosity of the medium. When 
the resistance exactly balances the force of gravity the velocity becomes 
constant and 1s given by 


nf Kd?*(p’ — p)p'~tut-?, (2) 
where A is constant for bodies of the same shape and p’ is the density of 
such bodies 

For small bodies falling slowly in media of high viscosity, the resistance 
will be determined by the viscosity of the medium but not by the density 


In this case g L and 


x d*(p’ pu (3) 


Chis is the general form of the relationship deduced just a century ago by 
Stokes for a small sphere falling slowly. 

For large bodies falling so rapidly that viscosity is of no consequence in 
comparison with the inertia of the liquid, g = 2 and 


x V d(p' pp”! (4) 


Chis is the general form of the relationship deduced by Newton late 
in the 17th century, and which holds with fair accuracy for some cases 
of large rapidly falling bodies.’ 

In general Stokes’ law corresponds to laminar flow and Newton's law 
to turbulent flow of the liquid past the body. It is generally conceded 
that Stokes’ law holds with considerable accuracy when Reynolds’ Number, 
V, <0.5, where 


dt p 


a 


Newton's law, however, does not apply immediately when N exceeds 0.5, 
ind over a certain fairly wide interval there ts empirical evidence that 


: ind therefore 
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va dV (p' — p)?>! = 


ee 
is expression the linear dimension dy 1s given DY 
In th n the | 1 dy 18 | I 


, 2 > 
, 
ad ga, (4d) 


where d,, the so-called critical diameter, is given, according to Allen, by 


d, = S 
Vappin’ — p) “7 
and £ is a constant depending on the shape of the falling body. 

Little data exists on the rate of passive sinking of freshwater planktonic 
organisms. Such information as has been recorded suggests that in the 
cases of bacteria, protozoa, unicellular algae and nearly all rotifers N s 0.5 
and the rate of falling is therefore likely to be directly proportional to the 


square of the appropriate linear diameter, and to the density difference, 


and inversely proportional to the viscosity. For somewhat larger organ- 
isms the less well-known relationship derived by Allen may be expected 
to hold, the velocity being directly proportional to the appropriate linear 
diameter less a small correction, to the two-thirds power of the density 
difference and inversely to the cube root of the viscosity and density of the 
medium. It is unlikely that Newton's law is of any interest in the study 
of the plankton. Bowkiewicz* who alone has attempted to go beyond 
Stokes’ law in the study of sinking speeds unfortunately made two mistakes, 
one in the interpretation of his data and one in supposing that the re- 
ciprocal of the square root of the viscosity entered into Newton's formula 
tion. 

We have determined the rate of falling of a number of specimens of 
Daphnia sp. 1* of various sizes from Bantam Lake, Conn., at temperatures 
between 21.7° and 27.2°C., corresponding to viscosities between 0.0085 
and 0.0097 poise. All specimens were narcotized with ethyl urethane and 
had open antennae; they sank at various angles, the long axis being 
inclined with the head upward at angles from about 10° to about 80° 
above the horizon. The experiments were conducted in a cylinder of 
internal diameter 7.8 cms. For a sphere of diameter d falling in such a 
cylinder the velocity must be raised by a factor of (1 + *2) according 

7s 
to Ladenburg’s correction for the effect of the walls of the vessel. In the 
case of our smallest animal if d be taken as the length of the body the 
correction would amount to multiplication by 1.016, in the case of the 
largest to multiplication by 1.048. Actually a sphere of diameter d has a 
larger volume than an animal of length d and it is practically certain that 
such a correction would be excessive. 
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In figure 1 all the data, uncorrected for the effect of the walls, have 
been plotted against body length (exclusive of tail spine) on a double 
logarithmic grid. The maximum effect of the size of the vessel is indicated 
by the single open circle which is the corrected position of the point imme 
diately below it, and which almost certainly represents an overcorrection. 
Although there is a fair amount of irregularity, it is evident that the points 
tend to fall along the line of slope 2, corresponding to direct proportionality 
between velocity and the square of the length. It is probable that most of 
the irregularity is due to differences in the density dependent on differences 
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in the nutritive condition of the animal. In so far as the rather uncertain 
correction for the effect of the walls of the vessel is significant, it would raise 
the values of the velocity for the larger animals a little, improving the fit 
at the upper end of the curve to a very slight extent. 

\ few determinations of sinking speeds for a series of animals of almost 
identical lengths (O0.86-0.89 mm.) were made at different temperatures 
ind so at different viscosities. The results are plotted in the lower part 
of figure 4, from which it can be seen that in spite of the meagerness of the 
data there is an evident inverse relationship with the first power of the 


viscosity 
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The passive sinking of D. sp. 1 both in its relation to the linear dimen- 
sions of the animal and in its relation to the viscosity of the medium thus 
clearly obeys the generalized form of Stokes’ law. It is probable that the 
largest individuals, for which the length is 1.79 mm., and the velocity of 
sinking 0.24 cm. per sec. when the viscosity is 0.0097 poise, must come very 
close to the upper limit for the validity of the law. In such a case Reyn- 
0.179 X 1X 0.24 _ 


old's Number, NV, can hardly be very much less than = 
0.0097 


4.43. 
In figure 3 the mean sinking speed of three narcotized specimens of 


D. pulex, falling with closed antennae, are plotted from Eyden’s data.‘ 
A fourth specimen which changed 





density owing to reproduction dur ‘> 

ing the experiment has been ex 0-4 ~ 0. MAGNA 
cluded. The open circles repre 0°74 x 

sent the mean values, for the mid 0-6. Yoo un 


point in the size ranges, of two 9.5) 
experiments not reported in detail 

The whole series of five points falls 0-4- 
very close to a straight line of slope 
1. According to Allen's law, the 
velocity varies as the appropriate 
linear dimension less a quantity 
td, as has been indicated above. 
In the present experiment if the 
density difference be taken as 
0.02,5 d, will be given by (8) as 
0.028 em Fora sphere ¢ is 0.4, for 
an irregular body 0.28;* a value for 
a falling Daphnia of 0.3 would 
seem reasonable, implying a cor 
rection of 0.08 mm. to the linear 
dimensions of the animals em 
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rection would be to reduce 


slope of the line of best fit in FIGURE 4 

figure 3 very slightly below unity Relation of the sinking velocity of 

It is, however, practically certain Daphnia magna (from the data of Bowkie- 
" wicz*) and of D. sp. 1, to viscosity The 


that the ratio of the length of the 

: crosses, open circles and solid circles indicate 
animal to the unknown diameter  gifferent individuals 
of the tube employed by Eyden 
was at least as great, and probably somewhat greater, in her experiments, 
than was the maximum ratio in those on D. sp. 1. The effect of the 
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Ladenburg correction on Eyden's data would be to increase the slope of 
the line of best fit. The most reasonable interpretation of figure 3, there- 
fore, is that these two small errors balance each other and that Allen's law 

' holds, at least approximately 
The upper part of figure 4 indicates the relationship between mean sink- 
ing velocity and viscosity in experiments by Bowkiewicz with three speci- 
mens of D. magna, about 2 mm. long. These animals were narcotized, 
but unlike Eyden’s, had open antennae. They certainly were considerably 
denser than the D. pulex employed in her experiments. Bowkiewicz 
concluded that the sinking speed in this case varied inversely as the square 
root of the viscosity. He therefore supposed that Newton's law held in 
this case. Both conclusions are erroneous. Newton's law contains no 


| viscosity term while examination of the figure clearly shows that at least 
; for narcotized animals the sinking speed is inversely proportional to the 
: cube root of the viscosity. Some of Bowkiewicz’ experiments with fixed 
: Daphnia diverge somewhat from this relationship but so far as living 
; animals are concerned the relationship of the velocity to viscosity is 
i exactly as would be expected from Allen's Law. In these experiments the 
: upper limit of Reynolds’ Number, calculated as before, using the length 


* i of the animal as the appropriate linear dimension, lies between 10 and 16. 
. In figure 2 we have given observations on a few specimens of Daphnia 
sp. 2’ from Bantam Lake, Conn. These animals are somewhat larger 
} than most specimens of D. sp. | though the increment is mainly due to the 


t ! taller helmet of D. sp. 2 The available evidence seems to suggest some 
; intermediate condition between Stokes’ and Allen's laws but it is uncertain 
i whether there is a more or less abrupt transition between the two possible 
relationships or whether some intermediate value of g, between 1 and 1.5, 
is unphied 
Summary.--The velocity of passive falling of narcotized specimens of 
small limnoplanktonic Daphnia (D. sp. 1) is proportional to the square of 
the linear dimensions and inversely proportional to the viscosity, as im- 
plied by Stokes’ law; the velocity of passive falling of large pond Daphnia 
(D. pulex, D. magna) is nearly proportional to the linear dimensions and 
7 inversely proportional to the cube root of the viscosity, as implied by 


Allen's law. 


' Allen, H. S., “The Motion of a Sphere in a Viscous Fluid,” Phil. Mag. London, 
Edinburgh, Dublin, ser. v, $0, 323-338, 519-534 (1900) 

* Bowkiewiez, |., “Schwebephase in der Bewegung der Cladoceren und Viskositat 
des Wassers,” Int. Rev. ges. Hydrobiol. Hydrogr., 22, 146-156 (1929 

* Daphnia sp. 1 would be called D. longispina var. hyalina Leydig 1860 form mendotae 
swcoording to Birge (in Ward and Whipple's Fresh Water Biology), 1918. A redescription 
of this species is in preparation by one of us (J. L. B 

* Eyden, D., “Specific Gravity as a Factor in the Vertical Distribution of Plankton,” 
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Proc, Cambridge Phil. Soc. Biol. Sci. (ater Biol. Rew. Cambridge Phil. Soc.), 1, 49-55 
(1923) 

* Lowndes, A. G., “The Displacement Method of Weighing Living Aquatic Organ 
isms,”"’ J. Mar. Biol. Assoc. U. K. Plymouth, 23, 555-574 (1942) 

* DallaValle, J. M., Micromeritics. The Technology of Fine Partides, Pitman Publish- 
ing Co., New York and London, (1948), XXVIII + 555 pp 

? This species has not been described. Woltereck, Trams. Wisc. Acad. Sci. Madison, 
27, 487-522 (1932) gives an outline drawing of a Daphnia undoubtedly referable to this 
species as figure 26 (Plate XVI He has named it D. longispina apicata form nasuta 
without any description. A description is in preparation by J]. L. B 


NATIONAL ACADEMY OF SCIENCES: MINUTES OF THE MEET- 
ING FOR ORGANIZATION, APRIL, 1863 


By Epwin B. WILSON 
Commumicated March 13, 1950 


The Report of the National Academy of Sciences for the Year 1863 
published in Washington by the Government Printing Office, 1864, con- 
tains only the briefest reference to the organization meeting of the Academy 
It has seemed to the Home Secretary and the Chairman of the Committee 
on Revision of Constitution that the members of the Academy who have 


recently been engaged upon a reorganization of the Constitution and By- 


laws might be interested in having for reference the Minutes of the Meeting 
for Organization and a copy of the initial Constitution and Bylaws as con- 
sidered at that meeting in Committee of the Whole and finally passed at the 
stated meeting on the 6th of January, 1864. The address of the Hon. Henry 
Wilson to which reference is made in the Minutes is also appended. 

In presenting this material of historic significance to the members of the 
Academy and to scientists at large, it may be well to call attention to a few 
remarks of President A. D. Bache in the first annual report of the Academy 
as revealing the spirit in which the original members and officers approached 
their tasks 

“The want of an institution by which the scientific strength of the 
country may be brought, from time to time, to the aid of the government 
in guiding action by the knowledge of scientific principles and experiments, 
has long been felt by the patriotic scientific men of the United States. 
No government of Europe has been willing to dispense with a body, under 
some name, capable of rendering such aid to the government, and in turn 
of illustrating the country by scientific discovery and by literary culture. 

“Tt is a remarkable fact in our annals that, just in the midst of difficulties 
which would have overwhelmed less resolute men, the 37th Congress of the 
United States, with an elevated policy worthy of the great nation which 
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they represented, took occasion to bring the scientific men around them in 
council on scientific matters, by creating the National Academy of Sciences 
Such has been the way in which the public mind has been stirred before in 
the annals of other countries, leading to the organization of government 
systems of education, science, art, and literature, to be encouraged and 
perfected when more peaceful and prosperous times recurred. 


‘It will be seen, by the spirit and the words of our laws enacted by the 
authority by the charter, that members of the National Academy put their 
time and talents at the disposal of the country in no small or stinted meas- 
ure, freely, fully, by the binding authority of an oath, asking no compensa- 
tion therefor but the consciousness of contributing to judicious action by the 
government on matters of science. The more the wealth of such men can 
be drawn out from the treasury of their knowledge the richer the nation 
will be; and I, for one, do not fear that even the suggestions which may 
be made to Congress, of subjects in which that knowledge may be most prof 
fitably employed for our country and times, will be subject to any supposed 
taint of self-seeking as to power or influence. Subject to the taint of sup- 
posed desire for remuneration it cannot be, as our charter and all our laws 


look away from such a centre.”’ 


Minutes of the Proceedings 
of 
The National Academy of Sciences 
at the 
Meeting held for Organization 
in the 
Chapel of the New York University 
on the 
22d, 23d, & 24th days 
of 
April 1863 


In accordance with an appointment made by the Hon. Henry Wilson of Mass. of which 
due notice had been given, the members of The National Academy of Sciences met in the 
Chapel of the New York University at 11 a. m. on Wednesday, April 22nd, 1863 

Mr. Wilson was present and called the meeting to order; and after a brief statement 
of the origin and history of the Bill incorporating the Academy, which was by him in 
troduced into the Senate of the United States called upon Prof. Agassiz, the first named 
in the Bill, to take the chau. Prof. Agassiz on account of temporary il! health declined the 
honor tendered him; and after some few pertinent remarks upon the importance of the 


establishment of the Academy to the progress of Ser nce, and to the genet il mterests of 





the country, nominated Prof. Joseph Henry of Washington, as chairman, & Prof. Alexis 
Caswell of R. |. as secretary, pro tempore, both of whom were appointed and entered 


upon their respective duties 
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The following Resolutions offered by Dr. Gibbs of New York were unanimously 
adopted : 

Resolved, that the Academy accepts the Act of Incorporation, & hereby declares its 
intention of entering with earnestness & devotion upon the high course marked out for it 
by Congre Ss 

Resolved, that the thanks of the Academy be presented to the Hon. Henry Wilson for 
the statesmanlike and successful action in the Senate of the United States for the estab 
lishment of a National Academy of Sciences; & that he be invited at this and at all other 
times when agreeable to him, to be present at, and assured of a cordial welcome at, the 
meetings of the Academy. 

The Bill of Incorporation was then read. Thirty-two (32) corporate members were 


present and answered to their names as follows 


Agassiz, L Frazer, J. F Alexander, S Rogers, F 

Bache, A. D Gibbs, W Barnard, F. A. P Rogers, R. E 
Barnard, 1. G Gilliss, J. M Hubbard, |. S Rogers, W. B 
Bartlett, W. H. C Gould, B. A Leidy, | Rutherfurd, L. M 
Caswell, A Guyot, A Lesley, J. P Saxton, J 

Coffin, J. H. C Hall, ] Newberry, J. S Silliman, B., Jr 
Dana, J. D Henry, | Newton, H. A Strong, T 

Davis, C. H Hilgard, J. E Peirce, B Winlock, J 


On motion of Prof. B. Peirce it was Voted that a committee of nine be appointed by the 
chair to draft & report a plan of organization. The chair appointed the following: A 
Caswell, A. D. Bache, W. B. Rogers, W. Gibbs, J. F. Frazer, B. Silliman, Ir., B. A 
Gould, B. Peirce and L. Agassiz 
h 


Opportunity was given for a general interchange of views upon the plan most proper to 


be adopted 

On motion of Dr. Gould it was Voted that members having any propositions to submit 
to the committee be requested to present them in writing 

On motion of Dr. Gibbs it was Voted that the chairman & secretary furnish for the 
Press such Report of the Proceedings as they may think proper 

On motion of Mr. Hilgard it was Voted that the meeting for Organization be with 
closed doors 

On motion of Mr. Hilgard, it was Voted that a committee of five members be appointed 
by the chairman to prepare & report upon (1) The form of a Diploma, (2) The Corporate 
Seal, (3) A stamp for Books and Property. Messrs. F. A. P. Barnard, J. E. Hilgard, J. 
Saxton, L. M. Rutherfurd and J. P. Lesley were appointed 

It was voted that when we adjourn it be to meet at 8 o'clock this evening 

Adjourned. 

Acexis CASWELL 
Ser 'y protem 

8 o'clock P.M. April 22nd, 1863 


Ihe chairman called the meeting to order agreeably to adjournment 

The Roll was called. Shortly after Roll Call all the members present at the morning 
were believed to be present with the exception of James D. Dana, who had left N. Y. for 
New Haven 

The committee on organization reported through their chairman a series of Articles 
forty-five (45) in number which were recommended for adoption as the Laws of the 
Academy 

Prof. S. Alexander moved that the Report be printed and referred to a subsequent 
meeting for consideration Motion lost 
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Om motion of Dr. B. A. Gould it was Voted that the Report be now taken up for con 
ideration Article by Article in order 
Articles let, 2d, 3d, 4th, Sth, & 6th were adopted without matertal alteration 
Dr. Leidy moved that article 7th fixing the form of an oath of Allegiance to be taken 
by the members be amended by striking out the first part which refers to having borne 
rms against the Government or in any manner aided persons acting in hostility thereto 
After a somewhat protracted debate the motion was put and lost 
The article was then sdopted is reported by the committe 
Articles kth & Oth were adopted 
On motion of Prof. Frazer Article }0th referring to Elections was amended by sub 
tituting the word “majority” for the word “ plural 
Pending the consideration of the 10th Article the Academy adjourned to meet at 10 
tomorrow 
Acexrs CaASWELI 
Ser ¥ pro tem 
Thursday April 24d, 10 A.M 
Pursuant to adjournment the meeting was called to order by the chairman 


Phe Roll was called and the following members answered to thei names 
Agassiz Hubbard Cuyot Peirce 
Bache Leidy Rogers, W. B Rogers, 
Barnard, F. A. P Lesley Saxton Rogers, R. E 
Bartlett Frazer W inlock 


Caswel Gibbs Torrey Coffin came in 

Ha Gilliss Newberry Hilgard after 

Henry Gould, BLA Newton Strong Rol! Call 
Prof. ¢ well moved a reconsideration of Article 7, fixing the form of the Oath of 


Allegiance with a view to offer an amendment which would limit its administration in it« 


t form to the duration of the present Rebe 





ion & thus obviate the main objection 


After a brief debate the motion was withdrawn 


Prof. Peirce gave notice that he would at a later stage of the business offer a substitute 
Article 10th of the organic Laws which was under consideration at the time of ad 


On motion of Prof. Frazer it was amended by substituting the word “‘ majority’ for the 


‘? the election of chairman of the classes 


On motion of Prof. Peirce the paragraph on the division of the members into sections 





ended by adding the words following, viz., “By a special vote of the Academy a 


ber may inscribe his name in a section of the class to which he does not belong 

4 t} \ ded was tl lopted 
On motion of Prof. Bache the committee on Organization was reappointed and Article 
h was referred to them for revisit 
Articl ] t Jj inclusive were idopted 


On motion of Dr. Gould Article 24th was referred to the committee on Organization 


wer Viet 

Arty th wa ypted 

Oh otio { Prof. W. B. Rogers Article 26th fixing the requirement of memoirs and 
{ ¥ at wu trik mut 

On mot of Dr. Gould it was 1 / that the Academy adjourn at 3'/; p. m. to meet 
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The remaining articles numbered 27 to 45 inclusive (or in the printed copy 26 to 44) 


were adopted 


On motion of Prof. Bache, Prof. Winlock was added to the committee on organiza 


At 4p. m. the Academy adjourned to allow a short time for the committee on Organi 
ation to revise Articles 11 & 24 

At4 p.m. the meeting was again called to order by the chairman 

Phe committee reported articles 11 & 24 revised: and they were then adopted 

Prof. Peirce agreeably to previous notice moved a substitute for Article 7th (preserib 
ing the form of the oath) in the words following viz All ordinary members of the Acad 
-my shall be citizens of the United States. Every member shal! take the oath of Alle 
giance prescribed by the Senate cf the United States for its own members; and in addition 
thereto, shall take an oath faithfully to discharge the duties of a member of the National 
Academy of Sciences to the best of his ability 

After a brief debate the substitute was adopted 
f holding the stated meetings of 


On motion of Dr. Gould Article 16th fixing the time « 
the Academy was so amended that one of them shal! be held on the third day of January 
] 


or if that be Sunday, on the Monday next following ind the other on the third 


Wednesday in August 
On motion of Prof. Bache the articles separately passed upon were provisionally 


nittee of three was appointed to put them immediately 





udopted as a whole; and a con 

in print with a view to a further revision on another day 
Committee Messrs. Gibbs, Hilgard & Rutherfurd 

; ttee of three be appointed by the 





On motion of Prof. Frazer it was Voled that a comm 
chair to revise the style and arrangement of the articles; and report at the next stated 
meeting of the Academy 

Adjourned, 
ALexis CASWELI 


Sec’ y pro lem 


Friday 10a, m. April 24th 

Pursuant to adjournment the Academy was called to order by the chairman 

The minutes of the preceding meetings were read & corrected 

On the suggestion of the chairman Mr. F. Rogers was appointed assistant secretary 
pro tem 


On motion of Prof. Peirce it was Voted that in the minutes of the proceedings all titles 


of members shall be omitted, and the prefix ‘‘ Mr.”’ used 
The committee on the Revision of the Laws was announcéd from the chair; viz., Mr 


Frazer, Mr. Davis & Mr. Caswell 

On motion of Mr. Rutherfurd it was Voted that all the Articles of the Laws with the 
exception of Article 43th, relating th Alteration of Laws” (on page 13 of the printed 
copy) be permanently adopted 
f Mr. Frazer it was Voted that the Secretary be directed to call the Roll 





(on motion c 
ind that each member be requested when his name is called to assign the Class and See 
mm it 1¢ wishes his name to be enrolled 
The roll was called, and the selections were as follows, viz 
Ciass A. MATHEMATICS & Prysics 
Sec, 1 Vathemat J. G. Barnard, Peirce, Strong and Winlock 
Sec. 2. Physu Bache, Bartlett, F. A. P. Barnard, Henry and W. B. Rogers 
Sec. 3 istronomy, Geography and Geodesy. Caswell, Coffin, Davis, Gilliss, Gould, 


Hubbard and Rutherfurd 
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Sec. 4. Mechann Frazer, Hilgard, F. Rogers and Saxton 


~ 5. Chemistry Cabbs, Silliman, B., Ir., and Torrey 


Crass & Narurar History 


ogy. Lesley and Newberry 





On motion of Mr. Gibbs it was Voted that a committee of two be appointed to arrange 
i book for the signatures of the members. Mr. Gibbs and Mr. W. B. Rogers were ap 
nunted sl cormmrnittes 
Che Secretary then administered to the chairman the oath of allegiance to the Govern 
and of Pidelity to the Academy in the following words nomine mutate 
1 (A. B.) do solemnly affirm that | have never voluntarily borne arms against the 
United States since I have been a citizen thereof; that I have voluntarily given no aid, 
ountenance, counsel or encouragement to persons engaged in armed hostility thereto 
that I have neither sought nor expected to exercise the functions of any office whatever 
under any authority or pretended authority in hostility to the United States; that I 
have not vielded a voluntary support to any pretended government, authority, power 
w comstitution within the United States, hostile or inimical thereto. And I do further 


iffirm that to the best of my knowledge and ability, 1 will support and defend the Con 


titution of the United States against all enemies, foreign and domestic: that I will bear 


true faith and allegiance to the same that I take this obligation freely, without any 


vental reservation, or purpose of evasion; and that I will well and faithfully discharge 


the duties of a member of the Nationa! Academy of Sciences So help me God 2 


Che chairman then administered the same oath to all the members, whose names are as 


Agassiz Bache Barnard, F. A. P Barnard, ]. G 


Bartlett Caswell Coffin Davis 
Frazer Gibb Gilliss Gould, B. A 
Hilgard Hubbard Leslev Newberry 
Peires Rogers, | Rogers, W. B Rutherfurd 
Saxtot Silliman, B., Ir strong lorrey 
Winlock 


(mm motion of Mr. Frazer it was Voted that the Academy do now proceed to the election 





mittee of two be appointed to collect 


{ count the vote Messt Gibbs and F. A. P. Barnard were appointed the com 


The chairrnan after a few remarks of warning and encouragement to the members be 


f eaving the chair called for nominations for President of the Academy 


lhe ballot was taken and on the Report of the tellers, Alexander Dallas Bache was dt 
sirman to be elected Presictent of the Academy 

hatrraan pro tem. then retired from the chair 
Mr Caswell moved that Mr. Strong be appointed a committee to conduct the Presi 


lent elect to the chair Carried 
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President on taking the chair returned his thanks to the Academy for the honor 
i¢ him, and proceeded with the business 

Nominations for Vice-President were called for 

James 1). Dana was nominated 

The hallot wast iken and art D Dana “ as dex lared to be elected Vice Pre sident 

For Foreign Secretary, Louis Agassiz was nominated. The ballot was taken and Louts 


{ya was declared to be elected 


For Home Secretary, Wolcott Gil bate The ballot was taken and 


Wolcott Gibbs was declared to be elected Secretary requested the secretary 
pro tem. to retain his pk i se of the meeting 
For Treasurer, Fairman Rogers and L. M. Rutherfurd were nominated The ballot 
j ul Fairman K rs was declared to be elected 
to the election of Councillors, doubts were expressed whether it could 
1 propriety be done at this time in 1uch as it was uncertain whether members not 
would accept their appointment Ac micians under the Bill. Whereupon 
aternents of members present showed tha 1¢ following persons named in the Bill of 
Incorporation, but not present at this meeting, had signified their intention to accept 
their appointments as Academicians; viz., Mr. B liman, Sen., Mr. J. Wyman, Mr. A 
Gray, Mr. J. L. Leconte, Mr. G. Engel n, Mr. W 1auvenet, Mr. M. F. Longstreth 
ind Mr. John Rodgers 
On motion of Mr. Frazer it was Voted tha proceed to the election of four members 
of the counct! 
Nominations for councillors were thet | in the following names were an 
nounced 
Mr. Henry, Mr. Frazer, Mr. W. B. Rogers, Davis, Mr. Rutherfurd, Mr. Torrey, 
Mr. Lesley, Mr. Gilliss, Mr. Newberry and Mr. Gray 
Mr. Henry expres h not to be elected, and hoped he might be allowed to with 
draw his name 


After the first ballot, on Report of the tel irle Davis was declared to be 


After the second ballot, Mr. John 7 i lared to be elected 
fter the third ballot, Mr. / if. Rutherfurd was declared to be elected 
After the fourth ballot, Mr. J. ?. Lesley was declared to be elected 
On motion of Mr. Frazer the committee on elections was discharged 
On motion of Mr. Davis it was Voted that the address with which the Hon. Henry 


Wilson inaugurated the first meeting of the National Academy of Sciences be entered 


upon the Journal in full; and that he be requested to furnish a copy for that purpose 
On motion of Mr. Frazer it was Voted that the thanks of the Academy be returned to 
temporary chairman and secretary for the able manner in which they have discharged 
moved a re for half an hour, or from 1:45 to 2:15 p.m 
meeting adjourne 


i 


meeting was called to order by the President 


On motion of Mr. B. Silliman, Ir., a further rece was voted for a short time in order 
to give Cla { an opportunity to organize 

At 2:45 p. m. the meeting was again called to order by the President 

Reports of the organization of classes were received, from which it appeared that the 


fo lowing clas officers } 


had been elect 


Benjamin Peirce, 


tfenjamin A. Gould, 
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Class B Kenjamin Sdlliman, Sen , chairman 


The committer on the Diploma and Seal reported progress and also the following res 


olution which was passed, viz 
Resolved that the committee on the Diploma and Seal be continued with instructions 
to report at the next stated meeting; and that Mr. F. Rogers and Mr. C. H. Davis be 


vided to the comumnittes 


On motion of Mr. Frazer it was Voted that in article 18 in the printed Laws (on pp 


6 & 7) another specification be added in the following words ‘12 rough minutes re ad for 
wrection And also that in No. 3 of the same article, the word ‘correction be striken 
vat aml the word idoption inserted in it place 


On motion of Mr. Frazer it was Voted that the August stated meeting of this year be 









TrspeeTiae? with 
On motion of Mr. Gibbs it was Voted that the thanks of the Academy be tendered to 
; Chancellor Perris for the use of Rooms in the University 
: Mr. F. Rogers moved to amend Article 27th of the Printed Laws on p. 9 by adding at 
: the beginning of the second paragraph the words “short communications or,’ and by sub 
tituting for the word “printed” the words, ‘published without delay Carried 
; On motion of Mr. Frazer article 27 of the printed laws on p. 9 was amended by adding 
: it the close of it the words following, viz., “The Academy will not hold itself responsible 
: r the opinion Kpr din such paper 
4 Mr. B. A. Gould moved the following resolutions 
Re ed that no more than ten Foreign Associates be elected at any one stated meet 
5 : ng. Carried 
bt 3 On motion of Mr. B. A. Gould article 5th on page 2 of the printed Laws was amended 
j j y inserting at the beginning of the second paragraph the words, “ For ordinary members 
% ‘ Mr. Gould also moved that a committee of three be appointed to draft and present to 
D : he committee on Revision for incorporation in their Report { Rule prescribing the 
E § nod ting Porecign A te Carried. Mr. Agassiz, Mr. Gould, and Mr. B 
3 é man, Ir, were appointed said committee 
: On motion of Mr. Frazer it w Voted that the President be requested to pl ice his narne 
; the committee of weights and measures when appointed 
i At 4 o'clock p. m. on motion of Mr. Peirce, The Academy adjourned to meet in the city 
; Washington on the third day of January 1864 
{ Avexts CASWELI 
we ¥ pro tem 
rom ReporRT or THE NATIONAL ACADEMY OF ScieNCEs for 1863, Washington, 1564, 


a Constitution and By-laws of the National Academy of Sciences 


PREAMBLI 


| owered by tl ict of incerporation, adopted by Congress, and approved by the 
Vr lent of the United States on the 4th day of March, A.D. 1863, the National Acad 
vy of Sctenes lo enact the fx wing mistitution and by-laws 
Arricie | 
nher 
SECTION The mu vers of the Academy shall be designated as members, honorary 
met ind foreign <mrat 
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Sec. 2. The Academy shall! consist of the fifty members named in the act of incorpora 
tion, and of such others, citizens of the United States, as shall from time to time be elected 
to fill vacancies, in the manner hereinafter provided 

Sec. 3. Every member shall, upon his admission, take the oath of allegiance pre 
scribed by the Senate of the United States for its own members, and, in addition thereto, 
an oath faithfully to discharge the duties of a member of the National Academy of 
Sciences to the best of his ability. He shall also subscribe the laws of the Academy 

Src. 4. The members of the Academy shall be arranged in two classes, according to 


their special studies, viz A. the class of mathematics and physics, and B, the class of 
i j 





natural history. The corporate members may select the class in which they desire to be 
irranged 

Sec. 5. The members of the classes shall arrange themselves in sections by inscribing 
their names under one of the following heads: Class A, mathematics and physics; sec 
trons 1, mathematics: 2, physics 3, astronomy, geography, a id geodesy 4, mech 
anics; 5, chemistry 

Class B, natural history; sections—1, mineralogy and geology; 2, zoology; 3, botany 


4, anatomy and physiology; 5, ethnology 





But the Academy retains the power of transferring a me er from one section to an 
other 

Sec. 6. A member may be elected an honorary member of any section by a vote of a 
majority of such section 

Sec.7. The Academy may elect fifty foreign associates, who shall have the privilege of 
attending the meetings of the Academy and of reading and communicating papers to it, 
but shall take no part in its business, and shall not be subject to its assessments 


They shall be entitled to a copy of the publications of the Academy 


Articie Il 


OF the officer 


Sec. i Che officers of the Academy shal! be a president, a vice-president, a foreign 
’ | ’ 
wcretary, a home secretary und a treasurer ill of shall be elected for a term of 





six years by a majority of votes present at the first stated session after the expiration of 


the current terms, provided that existing officers retain their places until their successors 


ure elected. In case of a vacancy, the election for six years shall be held in the same man 
ner at the next stated session after the vacancy occur 

Sec. 2 The officers of the classes shall be a chairman and a secretary, who shall be 
elected at each January session. The nominations shall be open, and a majority of votes 
shall be necessary to elect 

Sec. 3 The officers of the Academy and the chairmen of the classes, together with 
four members, two from each class, to be annually elected by the Academy, at the Janu 


} 


ary session, by a plurality of the vote hall constitute a council for the transaction of 


be assigned to them by the constitution or the Academy 


such business as may 

Sec. 4. The president of the Academy, or in case of his absence or inability to act, the 
vice-president, shall preside at the meetings of the Academy and of the council; shall 
name all committees, except such as are otherwise especially provided for; refer investi 
gations required by the government of the United States to members specially conversant 
with the subject, and report thereon to the Academy at its next January session, and, 
with the council, shall direct the general business of the Academy 

It shall be competent for the president in spectal cases to call in the aid upon committees 


of experts or men of remarkable attainments, not members of the Academy 





Sec. 5. The foreign and home secretaries shal! conduct the correspondence proper 


to their respective department dvising with the president and council in cases of 


ae agian ald « 
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doubt, and reporting their action to the Academy at its January session. It shall be the 


duty of the home secretary to give notice to the members of the place and time of al 





meetings, and to make known to the council ali vacancies in the list of members 

The minutes of cach session shall be duly engrossed before the next stated session, 
under the direction of the home secretary 

Sec. 6. The treasurer shall attend to all receipts and disbursements of the Academy, 
giving such bond and furnishing such vouchers as the counct] may require. He shall 
collect all dues from members, and keep a set of books showing a full account of receipts 
snd disbursements. He shall present at each stated session a list of the members entitled 
to vote, and a general report at the January session. He shall be the custodian of the 
corporate seal of the Academy 

Arricie Iii 
Cf ine meetings 

Sec. 1. The Academy shal! hold two stated sessions in each year: one in the city of 
Washington, on the third day of January (unless that day falls on Sunday, when the 
session shall be held on the succeeding Monday); and one in August, at such time and 
place as the Academy shall have determined upon, in private meeting, on the last day of 
the preceding January session 

Sec. 2. The names of the members present at each daily meeting shall be recorded in 
the minutes; and the members present at any meeting shal! constitute a quorum for the 


4 transaction of business 
Sec. 3. Scientific meetings of the Academy, unless otherwise ordered by a majority 


"| of the members present, shall be open to the public; those for the transaction of business 
a , 

z closed 

{ ‘ Sec. 4. The Academy may divide into classes for scientific or other business. In like 


manner, the classes may divide into sections 
Sec. 5 Tbe classes shall meet during such periods of the stated meetings of the 
Academy as may be fixed by the Academy. Special meetings of a class may be called by 


the council at the request of five members of the class 


j Sec. 6. The stated meetings of the council shall be held at the times of the stated or 
special meetings of the Academy Special meetings shall be convened at the call of 
: the president and two members of the council, or of four members of the council 


Sec. 7. No member who has not paid his dues shall take part in the business of the 
Academy 
Anticie I\ 
Of elections, regulations, and expulsions 


Sec. 1. All elections shall be by ballot, unless otherwise ordered by this constitution 
and each election shall be held separately 


Sec. 2. Whenever any election is to be held, the presiding officer shall name a com 


nittee to conduct it, to collect the votes, count them, and report the result to the Acad 


my The same law shall apply in the classes 

Sec. 3. Nominations for officers shall be made at the close of the first daily meeting of 
a stated session; and no candidate shall be voted for unless thus nominated 

Sec. 4 For election of members the council shall first decide the class in which the 
vacancy shall be filled) Each section of that class may then select one or more candidates 
sfter a discussion of their qualifications, and present their claims to the class, who shall 
elect three to be presented in the order of their preference to the Academy; from these 
three the Academy shall elect by a majority of the members present Che member elect 


hall be assigned to the section in which he has been proposed The Academy may 


nominate candidates in any section which fails to propose them for itself 
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Sec. & Every member elect shall accept his membership personally or in writing be- 
fore the cause of the next stated session after the date of his election Otherwise, on 
proof that the secretary has formally notified him of his election, his name shal! not be 
entered on the roll of members 

Sec. 6. Elections of foreign associates shall be conducted as follows 

Each section shal! report to its class, nominating a candidate whose special researches 
need not belong within the province of the section, but must be comprised within the 
range of the class 

From these candidates each class shall select one name to be presented to the Acad 
emy, and from these twe names the Academy, after ful! discussion, shall make the elec 
tion, at such time as it may have previously appointed for the purpose 

Sec. 7. A diploma, with the corporate seal of the Academy and the signatures of the 
officers, shall be sent by the appropriate secretary to each member on his acceptance of 
his membership 

Sec. 8. Resignations shal! be addressed to the president and acted on by the Acad 
emy. No resignation of membership shall be accepted unless al! dues have been paid 

Sec. 9. Members resigning in good standing will retain an honorary membership; 
being admitted to the meetings of the Academy, but without taking part in the business 
Honorary members will not be liable to assessment 

Sec. 10. If any member be absent from four consecutive stated meetings of the Acad 
emy without communicating to the Academy a valid reason for his absence, his name 
shall be striken from the roll of members 

Sec. 11. Members and officers habitually neglecting their duties shall be impeached 
by the council, and at once notified thereof in writing by the home secretary 

Sec. 12. Impeachments of members or officers shall first be tried before the council, 
which may be convened specially for such purpose. If it decides that the impeachment 
is proper, such impeachment shall be tried in private session before the Academy at its 
next stated meeting 

Sec. 13. The expulsion of a member shall be formally and publicly announced by the 
president at the stated session during which expulsion shall take place 


ARTICLE \ 
Of screntific communications, publications, and reports 


Sec. 1. Papers on scientific subjects may be read at the meetings of the Academy, or 
of the classes or sections to which the subject belongs 

Sec. 2. Any member of the Academy may read a paper from a person who is not a 
member, and shall not be considered responsible for the facts or opinions expressed by 
the author, but shall be held responsible for the propriety of the paper 

Sec. 3 rhe Academy shall provide for the publication, under the direction of the 
council, of proceedings, memoirs, and reports 

Sec. 4. Propositions for investigations or reports shall originate with the classes to 
which the subjects belong, and be by them submitted to the Academy for approval, ex 
cept requests from the government of the United States, which shall be acted on by the 
president, who will in such cases report, if necessary, at once to the government, and to 
the Academy at its next stated meeting 

Sec. 5. The judgment of the Academy shall be at all times at the disposition of the 
government upon any matter of science or art within the limits of the subjects embraced 
by it 

Sec. 6. An annual report, to be presented to Congress, shall be prepared by the presi- 
dent, and before its presentation submitted by him first to the council, and afterwards to 
the Academy at its January meeting 


ghia abe aNraas. 
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Sec. 7. Medals and prizes may be established, and the means of bestowing them ac 
cepted by the Academy upon the recommendation of the council, by whom all the neces 


sary arrangements for their establishment and award shall be made 


Axticie VI 
Of the property of the Academy 
Sec. 1. All investments shall be made by the treasurer in the corporate name of the 
Academy in stocks of the United States 


Sec. 2. No contract shall be binding upon the Academy which has not been first ap 


proved by the council! 
Sec. 3. The assessments required for the support of the Academy shall be fixed by the 
Academy on the recommendation of the council 


Axricie VII 


Of additions and amend ments 


Additions and amendments to the constitution shall be made only at a stated session 
of the Academy. Notice of a proposition for such a change may be given at any stated 


ession, and shall be referred to the council, which may amend the proposition, and shal! 


report thereon to the Academy at its next stated session, with a recommendation that it 
be accepted or rejected. Its report shall be considered by the Academy in committee of 


the whole, and immediately thereafter acted on. If the addition or amendment receive 


two-thirds of the votes present, it shall be declared adopted, and shall have the same 


force as the OTrigitial law 


BY-LAWS 

Of the officers 

in the absence of the chairman or secretary of a class, a member shall be chosen to 

perform his duties temporarily, by a plurality of the viva voce votes, upon open nomina 
thon 


If The accounts of the treasurer shall be referred to an auditing committee of three 


ulemy at the meeting at which the accounts are pre 


nembers, to be appointed by the Ac 
sented; which committee shall report before the close of that session, and shall then be 
discharged 


Of the meetings 


itl A committee of arrangements, for each stated session cf the Academy, of five 


bil 


shall be appointed by the president, the class secretaries to be ex officto two of 
Phis committee shal! meet not less than two weeks pre 


new bers 
the members of the committee 
It shall be in session during the meetings to make arrangements 


vious to each meeting 
to arrange the business of each day; to receive the 


for the reception of the members 


titles of papers, reports, & ind to arrange the order of reading, and in general to at 
tend to all business and scientific arrangements 
i\ At the meetings the order of business shall be as follows 
j Chair taken by the president, or, in his absence, the vice-president 
Roll of members called by home secretary 
Report by treasurer of members entitled to vote 
! Minutes of the preceding meeting read and approved 


Stated busines 
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t Reports of president, secretaries, treasurer, classes, and committees 
Business from council 

s (her business 

9 Communications from members 


Communications from persons not members 


l Announcements of the death of member Biographical notices read 
i12. Rough minutes read for correction 


\ The rules of order of the Academy shall be those of the Senate of the | nited States 


iwnless otherwise directed 
VI. It shall be in order for twelve members to require that any matter of business be 
discussed in committee of the whole for amendment; the vote upon amendmients to be 


le Academy ; ii the amended proposition or propositions to be simi 





irlv voted or 





Vil Phe scientific meetings shall be convened at twelve o'clock m_., in order to allow 
time for the busin nectings of the Academy, and for the meetings of classes, sections 
snd commiuttees 

Of elections and obituart 
VIIL. No more than ten foreign associates shal! be elected at any one stated session 


IX. The death of members shal! be announced by the president on the last day of each 
stated session, when a member shall be selected by the Academy to furnish a biographical 
notice of the deceased at the next stated session. If such notice be not then furnished, 
inother member shall be selected by the Academy in place of the first, and so on until! the 
duty is performed 

x T he deaths of such 


last session of the Academy shal! be announced by the president. The names shall be 


minent scientific men of the country as have taken place since 





the 


selected by the counci 


0 enti hi mmunticalion publication ind report 
XI An analysis of the memoirs and reports read in the meeting of the classes shall be 


given by the secretaries of the classes to the bome secretary for publication in the pro 
ceedings of the Academy. For any failure in this duty, the delinquent officer shall be im 
peached by the home secretary 

XII. The secretaries shall recerve memoirs at any time, and report the date of their 
reception at the next sessior But no memoir shall be published unless it has been read 
before the Academy lass, or section, and ordered to be published by the Academy 
} 


Papers shall be published in the order in which they were registered, but papers which 


have not been sent to the secretary within a month from the time of their reading shal! 





not be publi hed without a special vote of the Acadenty 


' 
XI11. Memoirs shall the records of t Academy from the day of their pre 








sentation to the Acace nd this order of their presentation shall be that in which they 
were registered, unless changed by consent of the author 
XI\ The publication of any communication to which remonstrance is made by the 


cond time authorized by 


section to which the subject belongs shal! be suspended unti 
i vote of the Academy 

X\ Papers from persons not members, read before the Academy, classes, or sec 
tions, and iniended for publication, shal! be referred, at the meeting at which they are 
read, to a committee of members competent to judge whether the paper is worthy of 


| t t 


publication. Suct mmimittes iall report to the Academy as early as practicable, and 


not later than the next stated on. If they do not then report they shall be discharged 


ind the paper referred to another committe 
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XVi Abstracts of papers published m the transactions of other societies or in journals 


iy be communiwated orally to the Academy, and if, on submitting any such communi 


ston to a committee, its publication be approved, it may be ordered for public atvon On a 


vote of the Academy 
AVIL. Short communications or abstracts of memoirs may be sent by any member to 


the home secretary, whe shall, f requested by the author, without delay circulate them 


among the members ‘i 
XVIII. An annual of the Academy shall be prepared by the secretaries, and pub 
shed on the first day of each year 
XIX. The printing of the Academy shall be under the charge of the secretaries and the 
treasurer, as a committee of publication, who shall report in relation thereto at each, 


lattuary meeting of the Academy 
} } 


XX The annual report of the Academy may be accompanied by a memorial to 


ongress, m regard to such investigations and other subjects as may be deemed advis 


recommending appropriations therefor when necessary 


i atpae 
, XX! The home secretary shall present to the counct! estimates for books and sta 
: tomery, binding, &e«, required for the use of the Academy 


If tite pr sperty { the lead my 


XXII Phe proper secretary shall acknowledge all donations made to the Academy 
nd shall report them at the next stated session 

XXII. The books, apparatus, archives, and other property of the Academy shall be 
n the city of Washington. A list of the articles deposited 











4 deposited in some safe place 1 
hall be kept by the home secretary, whois authorized to employ a clerk to take charge of 
ther 
XXII A stamp corresponding to the corporate seal of the Academy shall be kept by 
F the secreturie who shall be responsible for the due marking of all books and other ob 
P é ts to which it is appleablk 
a ; a ; a 
4 2 Lubels or other proper marks of sunilar device shall be placed upon objects not admit 
; g of the star 
) han tm ih Y 
XX\ Any by-law of the Academy may be amended or repealed on the written mo 
ion of any two members, signed by them, and prese nted at a stated session of the Acad 
iy, provided the same shall be approved by a majority of the members present at the 
waxt stated seasior 
From A UAL, NATIONAL ACADEMY OF SCIENCES, ISHG—4-5-41 
3 Address of the HON. HENRY WILSON 
Delivered at the Opening of the First Session of the Academy, April ISAS 
entlemes: I hold in my hand the Ac passed in the closing hours of the Thirty 
«venth Congress, “To incorporate the National Academy of Sciences In compliance 
with many kind requests | am here to call the corporators to order. In rising to perforn 
this agreeable task, | crave for a moment vour indulgence 
I: This Act, under which you hav wet Lo organize, mcorporutes in America, and for 
America, a National Institution, whose objects, ranging over the tllimitable fields of 
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of the human intellect. Such an in 


nee, are limited only by the wondrous capacities 


tht amd on the tongue of the devotees of science, 





itn, has been lor yweur m 
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When, 


hemispheres, expressed to me t 
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founded in America tl wot 


meorporation for the scientific 


fitting that some st 1 of 


but that I felt confident 
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4 treasure $0 eminently Lictihate 


upon our country. | promptly as 
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ons as I could obtain, | prepared, 


both Houses of Congress, carried thre 


in either Howse 
The 


existence, 
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otherwise. I thought it 7 


as they turn their eves hitherward, 


the annals of 


of 
ot 


tic civil war i nation 


the calm confidence 


solidating institution t 
the men of Europe, who pro 
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realize at the people of tl 


ever-disturbing element of 


policy of England, cherishin 
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, l feel 
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he number « 
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t of honoree la 


en forgotten in this act of in 


occasion to right the seeming 
y is destined 
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of know le 
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future Now it is an achieved fact. Our country 


ark and troubled night” of its history, and commis 


i fashion its organization, to mfuse into it that vital 


t he 


boundless domains of science the glittering 


t forever on the brow of the nation 


lernan, whose name is known and honored in both 


Academy of Phy 
t he 
nited States 
take 


nitroduce 


sire that an sical Seiences should be 


id at least make effort to obtain such an act of 


{ replied, that it seemed more 


cholurship should the lead in securing such a 


mild prepare ind carry through Congress 


sd vanice cause of science, and to reflect honor 


wal the lity, and with such aid and sugges 


t 


introduce 
ht 


sonal eflort with members of 


nig hi 


waged in a fearful struggle for 


neasure But | thought 
ott 
of the 


United States, u 


'” he 


old world, 


Din 


most gigan 


+? 
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purifying, and con 


and science 1 wanted 


republican tostitutions, to 


from their system that 


ial and commercial! 


d ennoble nations 


ind its fields 
this 
Academy 


bright water crimsoned 


dem 


to m ike 


Natiofial 
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power to keep in their 
of 


lation wovereign 
been one of diffi 
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limited, while most emiment 


ection harmonized. If unintentiona 


takes have been made, time will, I trust, correct 
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nbroken 


hould 


surely come eath is in the world, 


vill not remain long u If men of merit 


orporation, the Academy seize the first and 


wrong 


ind to 


long a shall endure, 


of 


advance 
Let 


abashed before it, 


coming generations Let it then 


justice, and as uncompromising as truth 
dge, that pretension may shrink 


dent of recognition 


h Congress wa ummoned to the con 


acted ™m 


ure 
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s, empowering the 


1 million men, to protect the 
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tional capital, and engraved freedom upon every rood of the national territory. It con 





ecrated the public domain to homesteads for the homeless and landless, and authorized 
the construction of a railway to unite the Atlantic and the Pacific seas. The enactment 
#f this act to incorporate the Academy of Sciences was not the least in the long list of acts 
Thirty-seventh Congress guve to the country, which will leave their impress upon the 
stron for ages yet to cor It was my fortune to take a humble part in these great 
measures of legislation It is a source of profound gratification to me, that, amid the 
pressure of public affairs, | have been enabled to contribute something to found this 
Academy for the advancement of the physical sciences in America. It will ever be among 


my most cherished recollections, that | have been permitted through your courtesy to 





unite with you in organizing this National Academy, which, we fondly hope, will gather 
sround it, im the centuries vet to come, the illustrious sens of genius and of learning, 


whese researches will enrich the sciences, and reflect unfading lustre upon the republic 


ERRATA 


In the article Absolute and Unconditional Convergence in Normed 
Linear Spaces by A. Dvoretzky and C. A. Rogers, these PROCREDINGS, 


36, 192-197 (1950), the following corrections should be made on page 197 


lor read 
Lanes 4 and from toy Lemina 3 Pheorem 5A 
Formula (12 ’ n” 
Line 7 from bottom ScA CG S¢ccce 
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